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EXECUTIVE SUMMARY 

The Area 5 Radioactive Waste Management Site (RMWS) at the Nevada Test Site (NTS) is 
managed and operated by National Security Technologies, LLC (NSTec), for the U.S. 
Department of Energy (DOE), National Nuclear Security Administration Nevada Site Office 
(NNSA/NSO). This document is the first update of the preliminary closure plan for the Area 5 
RWMS at the NTS that was presented in the Integrated Closure and Monitoring Plan (DOE, 
2005a). The major updates to the plan include a new closure schedule, updated closure 
inventory, updated site and facility characterization data, the Title II engineering cover design, 
and the closure process for the 92-Acre Area of the RWMS.  

The format and content of this site-specific plan follows the Format and Content Guide for U.S. 
Department of Energy Low-Level Waste Disposal Facility Closure Plans (DOE, 1999a).  

This interim closure plan meets closure and post-closure monitoring requirements of the order 
DOE O 435.1, manual DOE M 435.1-1, Title 40 Code of Federal Regulations (CFR) Part 191, 
40 CFR 265, Nevada Administrative Code (NAC) 444.743, and Resource Conservation and 
Recovery Act (RCRA) requirements as incorporated into NAC 444.8632.  

The Area 5 RWMS accepts primarily packaged low-level waste (LLW), low-level mixed waste 
(LLMW), and asbestiform low-level waste (ALLW) for disposal in excavated disposal cells. 

The Area 5 RWMS covers 293 hectares (724 acres) and is bounded by a buffer zone 
300 meters (1,000 feet) wide. The southeast and northeast quadrants of the RWMS are actively 
used for disposal of wastes, although many of the disposal units in the southeast quadrant, the 
92-Acre Area, are operationally closed or nearing capacity. The northeast quadrant is being 
developed and is referred to as the “Expansion Area.” 

NNSA/NSO is currently planning to close the 92-Acre Area in 2011. Closure planning for this 
site takes into account the regulatory requirements for a diversity of waste streams, disposal 
and storage configurations, disposal history, and site conditions. Activities associated with final 
closure of the 92-Acre Area are scheduled to be completed in fiscal year (FY) 2011. Activities 
associated with final closure of the Area 5 RWMS are scheduled to start in FY 2028 and be 
completed in FY 2029. 

The 92-Acre Area contains 25 shallow excavated pits and trenches and 13 Greater 
Confinement Disposal (GCD) boreholes. The pits and trenches range in depth from 
approximately 4.6 to 14.6 m (15 to 48 ft). A small quantity of classified transuranic (TRU) 
materials was inadvertently buried in one trench in 1986. The GCD boreholes are intermediate-
depth disposal units, 3 to 3.7 m (10 to 12 ft) in diameter and about 36 m (120 ft) deep. 
Unclassified GCD boreholes include high-specific-activity LLW, whereas the classified GCD 
boreholes include high-specific-activity low-level, TRU, and mixed TRU (MTRU) wastes.  

With the exception of three disposal units, all of the pit and trench disposal/storage units within 
the 92-Acre Area are covered with operational covers made up of native soil approximately 
2.4 m (8 ft) thick. Pits P03U, P06U, and P09U are active.  

The Pit P03U Mixed Waste Disposal Unit (MWDU) operates under RCRA Interim Status. The 
Nevada Division of Environmental Protection (NDEP) will allow the NNSA/NSO to continue to 
operate Pit P03U under Interim Status for a period not to exceed five years and to accept up to 
706,293 additional cubic feet of LLMW from onsite and offsite generators. The end of operation 
of the Pit P03U MWDU under Interim Status is anticipated to be before December 1, 2010. The 
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lowest tier of Pit P06U was used for disposal of thorium waste. Pit P06U currently accepts 
asbestiform waste under State of Nevada Solid Waste Disposal Site Permit SW 1300001 
(NDEP, 2000). Minor changes to the permit application were approved by the NDEP in 2006. 
Because the volume of the forecasted asbestiform waste stream is low, Pit P06U is being 
reclassified to receive both LLW and ALLW. Pit P09U is a LLW disposal unit nearing capacity. 
Pits P06U and P09U are likely to be operationally closed before Pit P03U completes operations.  

Seven of the 13 GCD boreholes (GCDT, GCD-01C, GCD-02C, GCD-03C, GCD-04C, 
GCD-05U, and GCD-10U) are full of waste to approximately 21.3 m (70 ft) depth and are 
operationally closed with 21.3 m (70 ft) of native soil cover to grade. Two of the boreholes 
(GCD-06U and GCD-07C) are partially filled with waste but are inactive. Four of the boreholes 
(GCD-08C, GCD-09U, GCD-11U, and GCD-12U) were not used and remain empty.  

For closure planning, the following five closure units (each of the closure units contains one or 
more waste disposal units, also called waste disposal cells) have been defined by waste type, 
location, and similarity in regulatory requirements:  

• Corrective Action Unit (CAU) 111  
• Pit P03U MWDU 
• Asbestiform LLW Unit  
• LLW Unit  
• TRU GCD Borehole Unit  

 
Closure of all units within the 92-Acre Area must meet the requirements of DOE orders. 
Additional closure regulatory requirements for these units are summarized below. 

CAU 111 is currently listed in the Federal Facility Agreement and Consent Order (FFACO, 1996 
[as amended 2008]) and in RCRA Part B Permit NEV HW0021 (NDEP, 2005). CAU 111 
consists of 10 pits and trenches within the 92-Acre Area; all of these pits and trenches are 
covered with operational soil covers. The disposal units in CAU 111 were in use prior to 
promulgation of the RCRA. Most of the pits and trenches are known or suspected to contain 
hazardous constituents. Closure of the CAU 111 pits and trenches must meet the requirements 
of the FFACO.  

Closure of Pit P03U MWDU must meet the RCRA permit requirements. An interim closure and 
post-closure care plan was published in December 2005 (DOE, 2005b). ALLW units must be 
closed as a Class III Solid Waste Disposal Site according to the requirements of NAC 444.6891.  

The closure of the TRU GCD Borehole Unit will also meet the 40 CFR 191 requirements. 
Because of the presence of hazardous constituents ( known or suspected ) in the TRU GCD 
boreholes, the requirements of 40 CFR 265, NAC 444.743, and RCRA requirements as 
incorporated into NAC 444.8632 must also be followed.  

Area 5 RWMS will be closed in two phases: closure of the 92-Acre Area in 2011 and closure of 
the expansion area in 2029. In agreement with NDEP, a three-step closure process is being 
implemented to close the 92-Acre Area in 2011:  

• Development of Data Quality Objectives (DQO) document 
• Development of the Corrective Action Decision Document (CADD) and Corrective Action 

Plan (CAP) 
• Development of a closure report  
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The DQO document is currently being developed, and a draft CADD/CAP will be submitted to 
NDEP by the end of FY08, with NDEP approval in FY09.  

The closure cover for the 92-Acre Area consists of two monolayer-evapotranspiration (ET) 
covers. A Title II engineering design (90 percent complete) of the covers is presented in this 
plan.  

Monitoring at the Area 5 RWMS is required under a variety of regulatory drivers, including 
federal regulations and DOE orders. Monitoring data, collected via sensors and analysis of 
samples, are needed to evaluate radiation doses to the general public; to confirm, validate, and 
maintain performance assessment; to demonstrate regulatory compliance; and to evaluate the 
actual performance of the RWMSs. Monitoring provides data to ensure the integrity and 
performance of waste disposal units. The monitoring program is designed to forewarn 
management and regulators of any failure and need for mitigating actions.  

The plan describes the current program for monitoring direct radiation, air, vadose zone, biota, 
groundwater, meteorology, and subsidence at the Area 5 RWMS. The development of the 
interim monitoring plan is described. The final post-closure monitoring plan will be developed as 
part of the final closure plan. 

Groundwater monitoring will continue at the Area 5 RWMS in accordance with RCRA permit 
requirements. However, NNSA/NSO may seek concurrence from NDEP to discontinue 
groundwater monitoring in the future. Discontinuation of groundwater monitoring is justified 
because there is no significant potential for migration of liquid from the Pit P03U MWDU to the 
uppermost aquifer during the active life of the facility or the 30-year post-closure care period 
under RCRA (Shott et al., 1998). 

Active institutional controls, such as control of access, cover maintenance, and monitoring, will 
continue for 100 years after the facility closure in 2029. For wastes with hazardous constituents, 
institutional controls will be conducted according to the RCRA permit conditions negotiated with 
NDEP. Passive institutional controls, such as markers, records, or archives, and government 
ownership regulations regarding land and resource use, will continue thereafter. Management of 
the RWMS is planned to be transferred eventually to another agency or group within 
NNSA/NSO (Landlord) with long-term responsibilities at the NTS. Under this NTS Landlord, 
waste disposal operations may continue. The Landlord will also oversee and conduct 
institutional control activities.  
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1.0 INTRODUCTION 

The Area 5 Radioactive Waste Management Site (RMWS) at the Nevada Test Site (NTS) is 
managed and operated by National Security Technologies, LLC (NSTec), for the U.S. 
Department of Energy, National Nuclear Security Administration Nevada Site Office 
(NNSA/NSO). This document is the first update of the preliminary closure plan for the Area 5 
RWMS at the NTS that was presented in the Integrated Closure and Monitoring Plan (ICMP) 
(U.S. Department of Energy [DOE], 2005a). The major updates to the plan include a new 
closure schedule, updated closure inventories of radionuclides and hazardous constituents, 
updated site and facility characterization data, the Title II engineering cover design, the closure 
process for the 92-Acre Area of the RWMS, and a preliminary post-closure monitoring plan. 

The format and content of this site-specific plan follows the Format and Content Guide for U.S. 
Department of Energy Low-Level Waste Disposal Facility Closure Plans (DOE, 1999a).  

This interim closure plan meets the closure and post-closure monitoring requirements of the 
order DOE O 435.1, “Radioactive Waste Management”; manual DOE M 435.1-1, “Radioactive 
Waste Management Manual”; Title 40 Code of Federal Regulations (CFR) Part 191, 
“Environmental Radiation Protection Standards for Management and Disposal of Spent Nuclear 
Fuel, High-Level, and Transuranic Radioactive Wastes”; 40 CFR 265, “Interim Status Standards 
for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities”; 
Nevada Administrative Code (NAC) 444.743, “Final Cover or Closure; Postclosure”; and 
Resource Conservation and Recovery Act (RCRA) requirements as incorporated into NAC 
444.8632, “Compliance with Federal Regulations Adopted by Reference.”  

1.1 GENERAL FACILITY DESCRIPTION 

1.1.1 Disposal Site Location 

The Area 5 RWMS is a 296-hectare (ha) (732-acre [ac]) area in northern Frenchman Flat set 
aside for low-level waste (LLW) disposal at the NTS. Figure 1-1 shows the locations of the Area 
5 RWMS with respect to the NTS administrative areas. The operationally active area 
encompasses approximately 58 ha (144 ac) in the southeast corner of the RWMS (Figure 1-2). 
The southeastern and northeastern quadrants of the RWMS are actively used for disposal or 
storage of wastes, although many of the disposal units in the southeastern quadrant (referred to 
as the 92-Acre Area) are operationally closed or nearing capacity. The northeast quadrant is 
being developed and is referred to as the “Expansion Area.” 

1.1.2 Disposal Site Description 

The Area 5 RWMS consists of five operational areas, the disposal units, the Real-Time 
Radiography (RTR) system, the Transuranic (TRU) Waste Storage Pad and TRU Pad Cover 
Building, the S02C classified area, and the Waste Examination Facility (WEF) (Figure 1-2, 
Figure 1-3). The RTR is used for verification of mixed waste generated off site.  

The TRU Waste Storage Pad and Pad Cover Building are Hazard Category-2 (HC-2) facilities 
used for storage of TRU waste. The S02C classified area is a HC-2 facility consisting of seven 
cargo containers used for the storage of classified TRU waste. The WEF is a HC-2 facility used 
to examine and repackage TRU waste for shipment to the Waste Isolation Pilot Plant. 
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Figure 1-1. Location Map of the Area 5 Radioactive Waste Management Site within the Nevada 
Test Site in Southern Nevada. 
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Figure 1-2. Features of the Area 5 RWMS. 
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Figure 1-3. Area 5 Radioactive Waste Management Site. 
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The Area 5 RWMS is the operational active area used for radioactive waste disposal. The Area 
5 RWMS accepts low-level waste (LLW) generated by DOE operations and classified LLW 
generated by U.S. government agencies. Categories of waste currently accepted include 
classified and unclassified LLW, mixed waste, and LLW containing friable asbestos.  

Disposal of LLW by shallow land burial began at the Area 5 RWMS in 1961. The DOE 
implemented the NTS Waste Management Program and established the Area 5 RWMS in 1978. 
Prior to that, the Area 5 RWMS was known as the Sugar Bunker Waste Dump. All of the original 
Sugar Bunker Waste Dump waste disposal units are now part of Corrective Action Unit (CAU) 
111. In 1978, disposal of waste from offsite generators began. From 1983 to 1991, TRU and 
high-specific activity wastes were disposed in 36-meter (m) (120-foot [ft]) deep Greater 
Confinement Disposal (GCD) boreholes. Waste disposed in GCD boreholes since 
September 26, 1988, does not include any TRU waste. Since 1987, mixed wastes have been 
disposed in Pit P03U under RCRA interim status. Changes to the Area 5 RWMS facility are 
noted under the Performance Assessment (PA) maintenance program in the annual summary 
reports submitted to DOE Headquarters (HQ) (NSTec, 2008a). 

The active Area 5 RWMS is bounded on the north, west, and east by a flood protection system 
consisting of berms, levee extensions, and flood control channels. The flood protection system 
was designed to provide protection from a 25-year, 24-hour storm as required under RCRA. 
Three pilot wells (UE5PW-1, UE5PW-2, and UE5PW-3), located outside of the Area 5 RWMS, 
are used for groundwater monitoring. 

1.1.3 Disposal Unit Description 

The 92-Acre Area contains 25 shallow excavated pits and trenches and 13 GCD boreholes 
(Figure 1-3). The pits and trenches range in depth from approximately 4.6 to 14.6 m (15 to 
48 ft), and have been used to dispose classified and unclassified LLW, low-level mixed waste 
(LLMW), and asbestiform waste. A small quantity of classified TRU waste was inadvertently 
buried in one trench in 1986 (Dickman, 1989). The GCD boreholes are intermediate-depth 
disposal and storage units, 3 to 3.7 m (10 to 12 ft) in diameter and about 36 m (120 ft) deep. 
Unclassified GCD boreholes include high-specific-activity LLW, whereas the classified GCD 
boreholes include high-specific-activity low-level, TRU, and mixed TRU (MTRU) waste. 
Classified materials storage units are designated with a “C” and unclassified waste disposal 
units are designated with a “U” at the end of the name. The classified units are primarily in the 
middle of the site, flanked to the north, south, and west by unclassified units.  

CAU 111 includes the following waste units, which are all operationally closed: P01U, P02U, 
T01U, T02U, T04U, T06U, T01C, T03C, T05C, and T06C.  
 
With the exception of three disposal units, all of the pit and trench disposal/storage units within 
the 92-Acre Area are covered with native soil approximately 2.4 m (8 ft) thick. Pits P03U, P06U, 
and P09U are active. The Pit P03U Mixed Waste Disposal Unit (MWDU) operates under RCRA 
Interim Status. The Nevada Division of Environmental Protection (NDEP) will allow the 
NNSA/NSO to continue to operate Pit P03U under Interim Status for a period not to exceed five 
years and to accept up to 706,293 additional cubic feet of LLMW from onsite and offsite 
generators. The end of operation of the Pit P03U MWDU under Interim Status is anticipated to 
be before December 1, 2010.  

The lowest tier of Pit P06U was used for disposal of thorium waste. Pit P06U currently accepts 
asbestiform waste under State of Nevada Solid Waste Disposal Site Permit SW 1300001 
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(NDEP, 2000). Because the volume of the forecasted asbestiform waste stream is low, minor 
changes to the permit application were approved by NDEP in 2006 to allow Pit P06U to receive 
both LLW and asbestiform waste. Pit P09U is a LLW disposal unit nearing capacity. Pits P06U 
and P09U are likely to be operationally closed before Pit P03U completes operations. Seven of 
the 13 GCD boreholes (GCDT, GCD-01C, GCD-02C, GCD-03C, GCD-04C, GCD-05U, and 
GCD-10U) are full of waste or material to approximately 21.3 m (70 ft) depth and are 
operationally closed with 21.3 m (70 ft) of native soil cover to grade. Two of the boreholes 
(GCD-06U and GCD-07C) are partially filled with waste or material, but are inactive. Four of the 
boreholes (GCD-08C, GCD-09U, GCD-11U, and GCD-12U) were not used and remain empty. 

Six disposal units have been developed in the northern expansion area. These include P08C, 
P10C, P12U, and three deeper units, P13U, P14U, and P15U. These deeper units have been 
excavated to a greater depth, 8 to 9 m (26 to 30 ft), to allow a thick cover for attenuation of 222Rn 
flux density. 

1.1.4 Waste Inventory 

The current estimate of waste volume at the closure date of 2028 at the Area 5 RWMS, 
including the future forecasts, is 671,000 cubic meters (m3) (approximately 23.7 million cubic 
feet [ft3]). The radionuclide activity inventory at closure is 3.65 million curies (Ci). The current 
(2007 estimate) disposed waste volume accounts for 66 percent of the total closure waste 
volume (NSTec, 2008a). 

The hazardous waste inventory has been compiled from the best available records for all units 
that contain hazardous materials. The Pit P03U MWDU and the Asbestiform Unit are permitted 
units with well-kept records. Waste in the CAU 111 Units and the GCD boreholes contain 
hazardous materials of uncertain quantities. 

The CAU 111 disposal units were in operation prior to the implementation of a detailed 
recordkeeping system. Waste was typically disposed in bulk form or containerized in plastic 
bags, steel drums, and cardboard, plywood, or steel boxes. Waste stream descriptions are 
limited. Typical waste stream descriptions include laundry wastes, laboratory wastes, scrap 
metal, contaminated soil, personal protective equipment, and samples.  

Material shipped to classified units was typically described only as “classified waste.” Other 
waste streams include farm wastes from the historic U.S. Environmental Protection Agency 
(EPA) Farm operations, which may have included animal wastes. Many records do not indicate 
the exact location where the waste was disposed. Analytical waste profiling focused primarily on 
radioactivity but typically only stated a total curie estimate without identifying specific 
radionuclides. From process knowledge and general waste descriptions, it can be inferred that 
some wastes contain hazardous constituents. Approximately 40 percent of available records 
indicate hazardous constituents may be present; however, the amount of hazardous 
constituents present in these wastes is unknown. 

Past laboratory operations at the NTS have typically included the use of organic solvents. Waste 
streams denoting laboratory wastes are therefore assumed to contain an unknown amount of 
organic solvent. Solvents may include those typically found in laboratories (e.g., toluene, acetone, 
trichloroethylene, benzene, and carbon tetrachloride). Lead shielding, loose lead, and lead bricks 
have also been noted in disposal records. Lead shielding is assumed to be present from any 
record denoting the disposal of radioactive sources.  
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Known hazardous waste in the GCD boreholes includes an estimated 60.5 kilograms of lithium 
hydride in borehole 4 and 45.0 kilograms of lithium deuteride in borehole 1 (Chu and Bernard, 
1991). These exhibit the hazardous characteristic of reactivity. Some of the classified nuclear 
weapons accident residue (NWAR) waste in boreholes 1, 2, and 3 may contain melted high 
explosives in the waste matrix. Lead and mercury are also believed to be present in the NWAR 
waste matrix, which exhibit characteristics of toxicity. 

1.1.5 Land Use 

The Area 5 RWMS is protected from public access and future development by government 
control of the NTS and the surrounding Nellis Air Force Range complex to the north, east, and 
west. Lands to the south and west of the NTS are administered by the Bureau of Land 
Management (BLM) and the National Park Service (Figure 2-1). This federal use and 
management of the land further buffer the NTS from external influence. 

Historical and DOE uses of these lands were discussed in the 1998 PA. Current land uses at 
the NTS include hazardous chemical spill testing, emergency response training, nonnuclear 
weapons testing, radioactive waste management, and environmental technology studies. Land 
use in Frenchman Flat remains the same as described in the 1998 PA, except for the addition of 
two new facilities, the free air carbon dioxide enrichment (FACE) facility and the 
Radiological/Nuclear Countermeasures Test and Evaluation Complex (Rad/NucCTEC). The 
FACE facility is an outdoor environmental research experiment investigating the long-term 
effects of atmospheric carbon dioxide on desert ecosystems. FACE is located south of the 
Frenchman Flat playa. The Rad/NucCTEC is a research and testing facility for instrumentation 
for the detection of weapons of mass destruction located south of the Device Assembly Facility. 
Operation of the FACE and the Rad/NucCTEC facilities is not expected to have any impact on 
the performance of the Area 5 RWMS. 

NNSA/NSO plans to restrict access to the NTS in perpetuity (Crowe et al., 2007). The NTS’s 
primary national security mission requires restriction of public access. Residual radioactivity 
from past activities, including aboveground and underground nuclear testing, precludes release 
of large areas of the NTS until contamination is cleaned up to free release standards. 
Restoration of some areas contaminated by nuclear testing may not be economically or 
technically feasible. Such areas will be closed in place with permanent land-use restrictions. 
The NNSA/NSO land-use plans for the NTS include plans to prohibit construction and drilling 
within the Area 5 RWMS in perpetuity. 

Ranching and mining remain important land uses in southern Nevada. More recently, 
recreational activities and irrigation-based agriculture have become important land uses in 
southern Nevada. Provided that the NTS remains withdrawn from all forms of appropriation, 
these activities likely will not have a significant impact on the NTS.  

1.1.6 Related Documents 

Federal Facility Agreement and Consent Order 

The Federal Facility Agreement and Consent Order (FFACO, 1996 [as amended 2008]) is an 
agreement among the State of Nevada, the DOE, and the U.S. Department of Defense to 
identify DOE sites in the state of Nevada with historical contamination, initiate corrective action 
and final closure, and ensure that corrective actions consider public input. Site closure under the 
FFACO follows a RCRA-like process, beginning with identification of corrective action sites 
(CASs). CASs are categorized as industrial sites, Underground Test Areas (UGTAs), soil sites, 
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and off-NTS sites. When necessary, corrective action investigations are conducted to identify 
hazardous constituents and characterize their migration. Corrective action plans for CAS 
closure reflecting agreed-upon closure standards are developed, implemented, and post-closure 
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• Characterize and monitor groundwater contamination 
• Develop and implement an appropriate remedial strategy for groundwater protection, waste 

treatment, and waste disposal 
• Characterize, monitor, and remediate contaminants in the unsaturated zone 
 

1.2 GENERAL CLOSURE APPROACH 

Closure of the Area 5 RWMS disposal cells will be in accordance with the requirements under 
which each disposal cell is regulated. For ease of discussion, six closure units (groups of cells) 
have been defined by waste type, location, and similarity in regulatory requirements:  

• CAU 111  
• Asbestiform LLW Unit  
• Pit P03U MWDU 
• LLW Unit  
• TRU GCD Borehole Unit  
• Expansion Area LLW Unit 

The first five units, which are located in the 92-Acre Area, will be closed in 2011 when the Pit 
P03U MWDU is to be closed. The closure of the expansion area cells will occur in 2028 when 
the Area 5 RWMS closes. Since NDEP must approve the closure of the CAU 111, Asbestiform 
LLW Unit, and Pit P03U MWDU, the closure of these units must follow closure documentation 
as required under applicable state regulations. 

Closure regulations applicable to all or selected closure units are presented in:  

• DOE O 435.1 and DOE M 435.1-1  
• 40 CFR 191  
• 40 CFR 265  
• NAC 444.743  
• RCRA requirements as incorporated into NAC 444.8632  
• FFACO  

Monitoring regulations applicable to all or selected closure units are included in:  

• DOE O 435.1 and DOE M 435.1-1  
• 40 CFR 61  
• 40 CFR 191  
• 40 CFR 264  
• 40 CFR 265  

The closure of all units will meet closure and post-closure monitoring requirements of 
DOE O 435.1 and DOE M 435.1-1. Additional closure requirements for each unit are 
summarized below. 

CAU 111 is currently listed in the FFACO (FFACO, 1996 [as amended 2008]) and in RCRA Part 
B Permit NEV HW0021 (NDEP, 2005). CAU 111 consists of 10 pits and trenches within the 
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92-Acre Area; all of these pit and trenches are covered with operational soil covers. The 
disposal units in CAU 111 were in use prior to promulgation of the RCRA. Most of the pits and 
trenches are known or suspected to contain hazardous constituents. Closure of the CAU 111 
pits and trenches must also meet the FFACO requirements. The FFACO process provides a 
framework for documenting corrective actions.  

The closure of Pit P03U MWDU must meet RCRA permit requirements. An interim Closure and 
Post-Closure Care Plan was published in December 2005 (DOE, 2005b). Asbestiform LLW unit 
will be closed as a Class III Solid Waste Disposal Site according to the requirements of the 
NAC 444.6891.  

The closure of the TRU GCD Borehole Unit will meet the 40 CFR 191 requirements. Because of 
the presence of hazardous constituents (known or suspected) in the TRU GCD boreholes, the 
requirements of 40 CFR 265, NAC 444.743, and RCRA requirements as incorporated into NAC 
444.8632 must also be followed.  

In agreement with NDEP, a three-step FFACO closure process is being implemented to close 
the 92-Acre Area in 2011: (1) development of Data Quality Objectives (DQO) document, (2) 
development of Corrective Action Design Document (CADD) and Corrective Action Plan (CAP), 
and (3) development of a closure report. The DQO document is currently being developed, and 
a draft CADD/CAP will be submitted to NDEP by the end of 2008, with NDEP approval in 
FY 2009.  

The closure cover for the 92-Acre Area consists of two monolayer-evapotranspiration (ET) 
closure covers. A Title II engineering design (90 percent complete) of the covers is presented in 
this plan.  

Activities associated with final closure of the 92-Acre Area are scheduled to be completed in 
FY 2011. Activities associated with final closure of the Area 5 Expansion Area north of the 
92-Acre Area are scheduled to start in FY 2028 and be completed in FY 2029. 

The final closure cover for the expansion area will be essentially the same as the closure cover 
for the 92-Acre Area, for which a Title II engineering design (90 percent complete design) is 
included in this plan. An optimized cover thickness will be incorporated into the final design.  

A monolayer-ET closure cover was selected as the preferred alternative design to a 
multilayered RCRA closure cover and other alternative designs only after a comprehensive 
evaluation of many alternatives. Multiple lines of evidence suggest that a monolayer-ET design 
will cost considerably less than a multilayer RCRA design, be much easier to install and 
maintain, and, in an arid environment, perform according to performance criteria over long 
periods of time, even under conditions of cover subsidence. The monolayer-ET cover and 
natural conditions at the NTS will integrate and operate as a system. Natural conditions that 
optimize the system are extremely low precipitation and high potential ET, great depth to 
groundwater, and negligible recharge to groundwater. 

The final closure cover is also intended to attenuate radon flux, minimize release of 
radionuclides by plant and burrowing animal activities during the post-closure compliance 
period, and ensure long-term stability. 

Monitoring at the Area 5 RWMS is required under a variety of regulatory drivers, including 
federal regulations and DOE orders. Monitoring data, collected via sensors and analysis of 
samples, are needed to evaluate radiation doses to the general public; to confirm, validate, and 
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maintain PA performance; to demonstrate regulatory compliance; and to evaluate the actual 
performance of the RWMS. Monitoring provides data to ensure the integrity and performance of 
waste disposal units. The monitoring program is designed to forewarn management and 
regulators of any failure and need for mitigating actions.  

Post-closure monitoring will be performed at the Area 5 RWMS during the 100-year institutional 
control period. The current monitoring activities that are regulatory driven in agreement with the 
State of Nevada will likely continue past the 2028 closure date of the Area 5 RWMS, such as 
the groundwater monitoring, which will continue at the Area 5 RWMS in accordance with RCRA 
permit requirements. However, NNSA/NSO may seek concurrence from NDEP to discontinue 
groundwater monitoring in the future. Discontinuation of groundwater monitoring is justified 
because there is no significant potential for migration of liquid from the Pit P03U MWDU to the 
uppermost aquifer during the active life of the facility or the 30-year post-closure care period 
under RCRA (Shott et al., 1998; Bechtel Nevada [BN], 2000). 

NNSA/NSO will identify the elements of the final post-closure monitoring plan for the Area 5 
RWMS, consistent with the following criteria in 40 CFR 194.42: 

• Address significant disposal system parameters  
• Address important disposal system concerns  
• Obtain meaningful data in a short period of time  
• Preserve disposal system integrity  
• Be consistent and complementary with other monitoring programs  
 
Monitoring activities during the post-closure period are expected to be reduced and limited to 
the following:  

• Vadose zone monitoring at the lysimeter facility 
• Biota monitoring  
• Subsidence monitoring 
 
Active institutional controls, such as control of access, cover maintenance, and monitoring, will 
start after final closure and continue for 100 years. For wastes with hazardous constituents, 
institutional controls will be conducted according to the RCRA permit conditions negotiated with 
NDEP. Passive institutional controls, such as markers, records, or archives, and government 
ownership regulations regarding land and resource use, will continue thereafter. Management of 
the RWMS will be transferred to another agency or group within NNSA/NSO (Landlord) with 
long-term responsibilities at the NTS. Under this NTS Landlord, waste disposal operations may 
continue. The Landlord will also oversee and conduct institutional control activities. 

1.2.1 Closure Standards 

The Area 5 RWMS is primarily a LLW disposal site. The Area 5 RWMS includes LLW and 
LLMW, small amounts of TRU waste, MTRU and asbestiform waste. Low-level and TRU/MTRU 
classified materials are also stored at the Area 5 RWMS. Waste with only a radioactive 
component is self-regulated by the DOE. The radioactive component of mixed waste is self-
regulated by the DOE, whereas the hazardous component of mixed waste is regulated by the 
RCRA under the authority of the EPA. The NDEP has been granted the authority by the EPA to 
administer the RCRA in Nevada. NAC 444.8632 incorporates the federal RCRA requirements 
by reference (Nevada Environmental Commission [NEC], 1987). The following excerpts from 
DOE orders and other regulations provide the basis for this closure plan. 
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1.2.1.1 DOE O 435.1 

The DOE order governing management of radioactive waste is DOE O 435.1. Associated with 
the order are a manual (DOE M 435.1-1) and a guide (DOE G 435.1-1, “General 
Responsibilities and Requirements”). The DOE manual provides the requirements, roles, and 
responsibilities to establish the NNSA/NSO Radioactive Waste Management Program according 
to the order. The DOE manual and guidance list the following requirements, among others, 
related to closure of LLW disposal cells. 

• Chapter IV, Q (Closure) (1). A preliminary closure plan shall be developed and submitted to 
DOE/HQ for review with the Performance Assessment and Composite Analysis. The closure 
plan shall be updated within one year following issuance of the Disposal Authorization 
Statement to incorporate conditions specified in the Disposal Authorization Statement. 

• Q (1)(a). Closure plans shall be updated as required during the operational life of the facility. 

• Q (1)(b). Closure plans shall include a description of how the disposal facility will be closed 
to achieve long-term stability and minimize the need for active maintenance following 
closure and to ensure compliance with the requirements of DOE O 5400.5, “Radiation 
Protection of the Public and the Environment” (or 10 CFR 834, when promulgated). 

• Q (1)(c). Closure plans shall include the total expected inventory of wastes to be disposed of 
at the facility over the operational life of the facility. 

• Q (2). Closure of a disposal facility shall occur within a five-year period after it is filled to 
capacity, or after the facility is otherwise determined to be no longer needed. 

• Q (2)(a). Prior to facility closure, the final inventory of the low-level waste disposed in the 
facility shall be prepared and incorporated into the PA and CA which shall be updated to 
support closure of the facility. 

• Q (2)(b). A final closure plan shall be prepared based on the inventory of waste disposed in 
the facility and the updated PA and CA prepared in support of the facility closure. 

• Q (2)(c). Institutional control shall continue until the facility can be released pursuant to DOE 
Order 5400.5, “Radiation Protection of the Public and the Environment” (or 10 CFR 834, 
when promulgated). 

• Q (2)(d). The location and use of the facility shall be filed with the local authorities 
responsible for land use and zoning. 

 
1.2.1.2 40 CFR 265 

Performance objectives related to closure of a waste disposal unit containing only LLW are 
similar in principle to those specified in the RCRA Subpart N, 40 CFR 265.310(a) for waste 
disposal cells containing LLMW: 

At final closure of the landfill or upon closure of any cell, the owner or operator must cover the 
landfill or cell with a final cover designed and constructed to: 

• Provide long-term minimization of migration of liquids through the closed landfill 

• Function with minimum maintenance 
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• Promote drainage and minimize erosion or abrasion of the cover 

• Accommodate settling and subsidence so that the cover’s integrity is maintained 

• Have a permeability less than or equal to the permeability of any bottom liner system or 
natural subsoils present 

In addition to the above requirements, 40 CFR 265.310(b) specifies that: 

After final closure, the owner or operator must comply with all post-closure requirements 
contained in 265.117 through 265.120, including maintenance and monitoring throughout the 
post-closure care period. The owner or operator must: 

• Maintain the integrity and effectiveness of the final cover, including making repairs to the 
cover as necessary to correct the effects of settling, subsidence, erosion, or other events 

• Maintain and monitor the leak detection system according to Title 40 CFR 264.301(c)(3)(iv) 
and (4) of this Chapter and 265.304(b), and comply with all other applicable leak detection 
system requirements of this part 

• Maintain and monitor the groundwater monitoring system and comply with all other 
applicable requirements of Subpart F of this part 

• Prevent run-on and runoff from eroding or otherwise damaging the final cover 

• Protect and maintain surveyed benchmarks used in complying with Title 40 CFR 265.309 

1.2.1.3 40 CFR 191 

Small amounts of TRU and MTRU classified materials are disposed in GCD boreholes and one 
shallow-land disposal unit at the Area 5 RWMS. According to DOE M 435.1-1, TRU waste is to 
be disposed according to 40 CFR 191.  

A compliance assessment document for TRU classified materials disposed in GCD boreholes, 
including a PA with respect to the requirements of 40 CFR 191, was completed by Sandia 
National Laboratories (SNL) (Cochran et al., 2001). Title 40 CFR 191 includes both quantitative 
requirements and qualitative “assurance” requirements that must be met to demonstrate 
adequate protection of human health and the environment. The three quantitative requirements 
pertain to containment, individual protection, and groundwater protection. The six assurance 
requirements are imposed to provide additional confidence that the containment requirements 
will be met: (1) active institutional controls, (2) passive institutional controls, (3) monitoring, 
(4) engineered and natural barriers, (5) siting to avoid resources, and (6) future removal of 
waste.  

An assessment of the assurance requirements for TRU materials in the classified GCD 
boreholes is included in the appendix to this plan.  

1.2.1.4 NAC 444.743 

Pits P06U and P07U are permitted Class III asbestiform low-level solid waste disposal units at 
the Area 5 RWMS and must meet the following requirements: 

• NAC 444.743. Final cover or closure; post-closure. A Class III site must comply with 
requirements set forth in NAC 444.6891 to 444.6894, inclusive, concerning closure and 
post-closure. 
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• NAC 444.6891. Requirements for design and construction of system for final cover. 1. the 
owner or operator of a Class I site shall install a system for a final cover which is designed to 
minimize infiltration and erosion. Except as otherwise provided in Subsection 2, the system 
must be designed and constructed to: 

o (a) Have a permeability that is less than or equal to the permeability of any system for a 
bottom liner or natural subsoils present, or have a permeability no greater than 1 × 10-5 
centimeters per second, whichever is less; 

o (b) Minimize infiltration through the closed municipal solid waste landfill unit by the use of 
an infiltration layer which contains at least 18 inches of earthen material; and 

o (c) Minimize erosion of the final cover by the use of an erosion layer which contains at 
least 6 inches of earthen material which is capable of sustaining the growth of native 
plants. 

1.2.2 Monitoring Standards 

The following excerpts from the DOE orders and other regulations for monitoring provide the 
basis for the monitoring program. 

1.2.2.1 DOE O 435.1 

The DOE M 435.1-1 and DOE G 435.1-1 associated with DOE O 435.1 provide requirements 
and implementation guidance for air monitoring (including radon), vadose zone, meteorology, 
biota, direct radiation monitoring, and subsidence monitoring. 

• Chapter IV, P (1) (a). Dose to representative members of the public shall not exceed 
25 millirem (mrem) (0.25 mSv) in a year total effective dose equivalent from all exposure 
pathways, excluding the dose from radon and its progeny in air. 

• P (1) (b). Dose to representative members of the public via the air pathway shall not exceed 
10 mrem (0.10 mSv) in a year total effective dose equivalent, excluding the dose from radon 
and its progeny. 

• P (1) (c). Release of radon shall be less than an average flux of 20 pCi/m2/s (0.74 Bq/m2/s) 
at the surface of the disposal facility. Alternatively, a limit of 0.5 pCi/l (0.0185 Bq/l) of air may 
be applied at the boundary of the facility. 

• R (3) (a). The site-specific performance assessment and composite analysis shall be used 
to determine the media, locations, radionuclides, and other substances to be monitored. 

• R (3) (b). The environmental monitoring program shall be designed to include measuring 
and evaluating releases, migration of radionuclides, disposal unit subsidence, and changes 
in disposal facility and disposal site parameters which may affect long-term performance. 

• R (3) (c). The environmental monitoring programs shall be capable of detecting changing 
trends in performance to allow application of any necessary corrective action prior to 
exceeding the performance objectives in this Chapter. 

1.2.2.2 DOE O 450.1 

DOE O 450.1 (which replaced DOE O 5400.1) and Guidance Document DOE/EH-0173T 
(DOE, 1991) provide requirements for air monitoring (including radon), groundwater, vadose 
zone, meteorology, biota, and direct radiation monitoring. 
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• Chapter IV, 5b. (1). Environmental surveillance shall be designed to satisfy one or more of 
the following program objectives: 

• 5b (1)(a) Verify compliance with applicable environmental laws and regulations 

• 5b (1)(b) Verify compliance with environmental commitments made in Environmental Impact 
Statements, Environmental Assessments, Safety Analysis Reports, or other official DOE 
documents 

• 5b (1)(c) Characterize and define trends in the physical, chemical and biological condition of 
environmental media 

• 5b (1)(d) Establish baselines of environmental quality 

• 5b (1)(e) Provide a continuing assessment of pollution abatement programs 

• 5b (1)(f) Identify and quantify new or existing environmental quality problems 

1.2.2.3 40 CFR 61 

Title 40 CFR 61, “National Emission Standards for Hazardous Air Pollutants,” provides 
requirements for radiological air monitoring (including radon) and direct radiation monitoring. 

• Subpart H, National Emission Standards for Emission of Radionuclides Other Than Radon 
from Department of Energy Facilities, Section 61.92 Standard. Emissions of radionuclides to 
the ambient air from Department of Energy facilities shall not exceed those amounts that 
would cause any member of the public to receive in any year an effective dose equivalent of 
10 mrem/year. 

• Subpart Q, National Emission Standards for Radon Emissions from Department of Energy 
Facilities, Section 61.192 Standards. No source at a Department of Energy facility shall emit 
more than 20 pCi/m2/s of radon-222 as an average for the entire source, into the air. This 
requirement will be part of any Federal Facilities Agreement reached between 
Environmental Protection Agency and Department of Energy.  

1.2.2.4 40 CFR 264 

The Pit P03U MWDU groundwater monitoring program is guided in part by the following 
sections of 40 CFR 264, Subpart F, “Releases from Solid Waste Management Units,” unless as 
specified in the “Outline of a Comprehensive Groundwater Monitoring Program” (BN, 1998a) in 
agreement between NNSA/NSO and NDEP: 

• 264.97, General groundwater monitoring requirements 
• 264.98, Detection monitoring program 
• 264.99, Compliance monitoring program 
• 264.100, Corrective action program 
• 264.101, Corrective action for solid waste management units 

1.2.2.5 40 CFR 265 

The Pit P03U MWDU groundwater monitoring program is driven in part by the following sections 
of 40 CFR 265, Subpart F, unless as specified in the “Outline of a Comprehensive Groundwater 
Monitoring Program” (BN, 1998b) in agreement between NNSA/NSO and NDEP: 
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• 265.90, Applicability 
• 265.91, Groundwater monitoring system 
• 265.92, Sampling and analysis 
• 265.93, Preparation, evaluation, and response 
• 265.94, Recordkeeping and reporting 

1.2.2.6 40 CFR 191 

Title 40 CFR 191 provides the following general monitoring requirement: 

Section 191.14 Assurance Requirements, (b). Disposal systems shall be monitored after 
disposal to detect substantial and detrimental deviations from expected performance. This 
monitoring shall be done with techniques that do not jeopardize the isolation of the wastes 
and shall be conducted until there are no significant concerns to be addressed by further 
monitoring. 

1.3 CLOSURE SCHEDULE 

Activities associated with the final closure of the 92-Acre Area are scheduled to be completed in 
FY 2011. Activities associated with final closure of the Area 5 Expansion Area north of the 
92-Acre Area are scheduled to start in FY 2028 and be completed in FY 2029. The major 
activities scheduled for the closure of the 92-acre area are as the following: 

• 92-Acre Area DQO document submittal and approval by the NDEP by the end of 2008  
• Draft 92-Acre Area CADD/CAP document submittal to NDEP by the end of 2008  
• Development of the final CADD/CAP and approval by NDEP in March 2009  
• Completion of the final closure cover design, issued for construction in February 2009 
• Construction of the closure cover starting in February 2011 
• Completion of the closure report (certification of closure) in July 2011 
 
Near-term actions that will support the closure of the 92-Acre Area include the following:  

• Optimizations of the final closure cover thickness, to be incorporated into the final closure 
cover design  

• Acceptance by the TRU Waste Disposal Facility Federal Review Group (TRFG) of the 
measures implemented in this plan to meet the GCD assurance requirements under 
40 CFR 191  

• Placements of soil to improve performance of interim soil covers and ensure appropriate site 
drainage 

• Filling the neutron probes and the GCD boreholes  

• Removing the GCD trailer 

Major activities that would be undertaken prior to the closure of the Area 5 RWMS in FY 2028 
and those immediately after the final cover construction over the expansion area disposal cells 
include the following: 
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• Preparation and approval of the final PA document by Low-Level Waste Disposal Facility 
Federal Review Group (LFRG) 

• Preparation and approval of the final Composite Analysis (CA) document by LFRG 
• Preparation of the final closure and post-closure care plan 
• Design and implementation of the assurance requirements for the GCD boreholes 
• Final design of the closure cover over the disposal cells in the Expansion Area 
• Construction of the closure cover over the disposal cells in the Expansion Area 
• Initiation of the post-closure monitoring  

1.4 RELATED ACTIVITIES 

1.4.1 PA Maintenance Activities 

The PA Maintenance Program (NSTec, 2007) has been tracking and resolving minor and 
secondary issues identified in the Disposal Authorization Statement (DAS) for the Area 5 
RWMS (DOE, 2002a). These issues include the inconsistencies in conceptual models and 
models implemented in the PAs/CAs of the Area 5 RWMS and the Area 3 RWMS, conducting 
site monitoring and characterization to increase confidence in the results of the PAs, periodic 
assessment of changes in potentially interactive sources impacting the CA results, and periodic 
assessment of land-use restrictions and associated impacts on the CA results. The Area 5 
RWMS DAS also calls for a future revision of the CA that incorporates the dose from the UGTAs 
within Frenchman Flat. 

The resolutions of these issues are reported in the PA/CA annual summary reports (NSTec, 
2008c). NNSA/NSO developed probabilistic PA/CA models using the GoldSim® platform to 
address these issues and evaluate their impacts on the PAs/CAs.  

The PA Maintenance Program’s long-term goal is to continuously reduce uncertainty of the 
scenarios, models, and model parameter values used in the PA and CA through field 
investigations and research. Sensitivity analyses are performed to identify sensitive model 
parameters and assumptions. Sensitive model parameters that are also uncertain will be the 
basis of the design of a post-closure monitoring program for the facility.  

1.4.2 Environmental Restoration Activities 

Environmental restoration activities associated with two categories of CAUs, the Soil Sites and 
the UGTA sites, in Frenchman Flat, are in progress. The results of these activities directly 
impact the assumptions of the Area 5 RWMS CA. The MOP dose in the CA incorporated the 
dose due to releases from soil sites within Frenchman Flat. It was assumed that residual 
radioactivity at theses soil sites will not need further cleanup. Groundwater dose from the UGTA 
sources will be incorporated into the CA when the UGTA groundwater modeling in Frenchman 
Flat is complete. As reported in the 2006 Annual Summary Report, the results of the flow and 
transport model that will aid in determining the 1,000-year groundwater contaminant boundaries 
for Frenchman Flat are not expected until FY 2009 (NSTec, 2008a). 

1.4.3 Empty and Inactive GCD Boreholes  

The four empty GCD boreholes (GCD-08C, GCD-09U, GCD-11U, and GCD-12U) will need to 
be filled with soil or waste and soil prior to or concurrent with construction of the final cover. 
Also, GCD-06U and GCD-07C, two inactive boreholes containing waste, will have to be filled 
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with soil prior to or concurrent with construction of the final cover. The other GCD boreholes 
were previously filled to ground surface with clean native soil. The fill method should minimize 
voids and bridging to minimize potential future settling of the final cover.  

1.4.4 Classified Material  

NNSA/NSO historically considered classified material in the Area 5 RWMS trenches to be 
indefinitely stored. However, in June 2007 the Classified Material Disposition Task Group was 
jointly established by the DOE Deputy Assistant Secretary for Regulatory Compliance (EM-10) 
and the NNSA Office of Environmental Projects and Operations (NA-56) to develop a 
coordinated corporate process to address classified material disposition at the NTS. The 
initiative, expected to be complete by January 2009, will designate the Area 5 RWMS a 
classified waste disposal facility under DOE O 435.1 and the classified material in the trenches 
permanently buried as classified waste under DOE O 470.4-4, “Information Security.” For 
simplicity in this plan, classified material will be addressed as waste. 

Ten trenches and five GCD boreholes within the 92-Acre Area contain classified waste (T01C, 
T02C, T03C, T04C, T04C-1, T05C, T06C, T07C, T08C, T09C, GCD-01C, GCD-02C, GCD-03C, 
GCD-04C, and GCD-07C). All of these classified material storage units have been covered or 
filled with soil. A sixth GCD borehole, GCD-08C, was designated for classified waste but never 
used.  

The strategy for closure assumes that:  

• The classified material will not be declassified.  

• Security with respect to the closure-planning process will be limited to the same 
considerations as the unclassified waste cells for protection from inadvertent intruders.  

• The TFRG will accept the position of the NNSA/NSO that classified TRU waste in GCD 
boreholes and the T04C trench will be closed in place, but subject to potential retrieval in 
accordance with a retrieval plan.  

1.4.5 TRU and MTRU Waste in GCD Boreholes  

Chu and Bernard (1991) reviewed records and prepared an inventory and preliminary source 
term model for materials regulated by 40 CFR 191 in the GCD boreholes. Boreholes GCD-01C, 
GCD-02C, and GCD-03C contain TRU nuclear weapon accident residues, and GCD-04C 
includes TRU waste from the DOE Rocky Flats Plant.  

The GCD-01C inventory includes two containers that reportedly contain lithium deuteride and 
the GCD-04C inventory includes one container with lithium hydride. Both substances are 
reactive with water. The GCD-03C inventory includes melted high explosives, but the current 
hazard characteristics are unknown. Based on the findings of Chu and Bernard (1991), GCD-
01C and GCD-04C contain MTRU and GCD-03C may contain MTRU. Borehole GCD-02C is 
suspected to contain MTRU because the inventory is similar to that in GCD-03C; however, this 
cannot be confirmed. The assumption is that these four GCD boreholes will have to meet both 
RCRA and 40 CFR 191 requirements in accordance with DOE M 435.1-1. The hazardous 
constituents will be treated as if regulated under RCRA.  

The TRU waste in GCD boreholes 1 through 4 was evaluated to demonstrate compliance with 
the requirements of 40 CFR 191. Relevant standards for TRU waste disposal are found in 40 
CFR 191 Subpart B, “Environmental Standards for Disposal,” and Subpart C, “Environmental 
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Standards for Groundwater Protection.” Subpart B standards include containment requirements 
(CRs), assurance requirements, and individual protection requirements (IPRs). The CRs are 
probabilistic limits for the normalized cumulative radionuclide release to the accessible 
environment for 10,000 years. The CR is normalized to release limits scaled to the total TRU 
inventory disposed. The CRs limit the probability of exceeding the release limit to 1 chance in 
10, and the probability of exceeding 10 times the release limit to 1 chance in 1,000. The 
assurance requirements specify institutional controls and disposal system features to increase 
confidence in the long-term compliance with the CRs. The required controls and features are 
active and passive institutional controls, monitoring, natural and engineered barriers, lack of 
attractive natural resources, and ability to retrieve wastes for a reasonable time period. The 
IPRs limit the committed effective dose to a MOP through all pathways for 10,000 years to 
0.15 milliSievert per year (mSv/yr). Subpart C requires that sources of underground drinking 
water in the accessible environment comply with the limits in 40 CFR 141, “National Primary 
Drinking Water Regulations,” for a period of 10,000 years. 

SNL prepared a PA for the TRU GCD boreholes in 2001 (Cochran et al., 2001). In 2002, DOE 
determined that the PA met all requirements with the exception of the 40 CFR 191.14 
assurance requirements for institutional controls; a monitoring program; markers, records, and 
other passive institutional controls; an engineered barrier system; information to support the 
claim that there are no economically useful minerals in the area; and removal of waste. 
NNSA/NSO committed to resolve these issues during the closure planning process for the Area 
5 RWMS (Colarusso et al., 2003) and that the TFRG would review closure and post-closure 
documents to determine compliance with the 1993 version of 40 CFR 191 (Fiore and Berube, 
2002). Assurance requirements will be resolved as part of the closure planning activities before 
the facility closes in 2029.  

1.4.6 TRU Waste in Trench T04C  

In 1986, 102 containers of classified TRU waste (about 2.6 pounds and 157 Ci of activity) from 
Rocky Flats Plant were disposed inadvertently in Trench T04C. The original T04C trench was 
later bisected by Trench T09C and the east side of Trench T04C was eventually redesignated 
Trench T04C-1. Although disposal of the TRU waste precedes the current surveyed grid system 
for container locations within waste cells, photographs indicate that the drums are in the west 
half of the original trench.  

The Area 5 RWMS CA (BN, 2000) takes into account the contribution of this TRU inventory. For 
further assurance that, if left in place, the TRU in T04C does not pose a long-term risk to public 
and the environment, a special analysis was performed to determine the likelihood that TRU in 
T04C meets the requirements of 40 CFR 191 (Shott et al., 2008). The special analysis, which 
has been approved by TRFG, concludes that there is a reasonable expectation that all 40 CFR 
191 disposal performance requirements are met. The special analysis evaluated the 
performance for a period of 10,000 years under climate change.  

1.4.7 Corrective Action Unit 111  

CAU 111 consists of 10 pits and trenches within the 92-Acre Area; all of these pits and trenches 
are covered with soil. The disposal units in CAU 111 were in use prior to promulgation of the 
RCRA. Most of the pits and trenches are known or suspected to contain hazardous 
constituents; however, based on waste receipt records, none of the pits and trenches received 
TRU waste. Closure of the CAU 111 pits and trenches must meet the requirements of DOE 
orders and the FFACO.  
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Characterization of the Area 5 RWMS was conducted over several decades to fulfill multiple 
management and compliance objectives. Although some of the site characterization work 
predates the FFACO and was not tailored to those processes, the characterization is thorough, 
and the results fulfill the purpose (if not the precise format) of the FFACO document process.  

The FFACO process provides a framework for documenting corrective actions. For CAU 111, 
the corrective actions include the closure in place of the landfill waste, which was profiled and 
disposed in accordance with the pertinent regulations of the time. The existing interim soil 
covers are approximately 2.4 m (8 ft) thick. Although this thickness of soil provides adequate 
containment of the radioactive constituents based on the Area 5 RWMS PA (Shott et al., 1998), 
a greater thickness of soil will preclude migration of moisture to the waste zone prior to 
placement and vegetation of the final closure cover. Further, integration of the soil covers on the 
disposal/storage units will provide appropriate drainage of the site. The final closure cover will 
be filled, graded, and vegetated (as needed) to achieve the performance objectives. The closure 
cover and post-closure management of the CAU 111 landfill cells must continue to demonstrate 
compliance with RCRA and DOE post-closure performance requirements.  

1.5 SUMMARY OF KEY ASSUMPTIONS 

Assumptions related to closure and monitoring of the Area 5 RWMS is given in the life-cycle 
baseline of the NNSA/NSO Waste Management Project (WMP). Pertinent programmatic, 
scheduling, and funding assumptions from the Waste Management baseline are reproduced 
below, in addition to assumptions that relate more to the approach and responsibility for closure 
and monitoring described herein. 

1.5.1 Assumptions Related to Closure 
 
• Funding will be available to complete closure-related activities at the scheduled times. 

• Closure of all disposal units within the Area 5 RWMS, regardless of waste type, will be 
included in the NNSA/NSO WMP baseline. 

• Activities related to final closure of the Area 5 RWMS will be under the management and 
technical direction of the NNSA/NSO WMP. 

• The plan will address closure of all disposal units at the Area 5 RWMS, including disposed 
LLW (asbestos, hydrocarbon-impacted, and regular LLW), and disposed LLMW.  

• A single CADD/CAP will be issued for approval by NDEP, which will encompass the closure 
of the Pit P03U MWDU, CAU 111, the asbestiform waste pits, the LLW units, and the TRU 
and MTRU waste units within the 92-Acre Area of the Area 5 RWMS. 

• CADD/CAP will incorporate conditions of 40 CFR 265.310, RCRA Permit NEV HW009, 
DOE O 435.1, the Area 5 RWMS DAS, 40 CFR 191, and other applicable regulations as 
appropriate. 

• Soil backfill will be the engineered barrier for the GCD boreholes that contain waste. 

• NDEP and NNSA/NSO will approve all documents required for final closure of regulated 
disposal units at the Area 5 RWMS. 

• Activities related to final closure of the Area 5 RWMS 92-Acre Area will occur from FY 2009 
through FY 2011. 
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• Closure cover construction at the Area 5 RWMS 92-Acre Area will be completed in 
FY 2011. 

• Final closure activities for the Area 5 RWMS Expansion Area will occur between FY 2028 
and FY 2029. 

• Closure cover construction at the Area 5 RWMS Expansion Area will be completed in 
FY 2029. 

• No waste will be accepted in the current disposal areas after FY 2028. 

1.5.2 Assumptions Related to Monitoring 
 
• Environmental monitoring will continue through FY 2028; after FY 2028, environmental 

monitoring will continue under long-term surveillance and maintenance. 

• RCRA groundwater monitoring will not continue beyond the post-closure care period of 30 
years at the Pit P03U MWDU. 

1.5.3 Assumptions Related to Long-Term Surveillance and Maintenance 
 
• Surveillance and maintenance during the active institutional control of the Area 5 RWMS will 

start after final closure in FY 2028 and continue for a period of 100 years (through FY 2128). 

• An exemption from RCRA groundwater monitoring requirements will be obtained after final 
closure of the Pit P03U MWDU within the Area 5 RWMS 92-Acre Area. 
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2.0 DISPOSAL FACILITY CHARACTERISTICS 

This section provides information and data for the Area 5 RWMS and surrounding environment, 
disposal facility, and waste characteristics. The information provided emphasizes characteristics 
that are important to implementation of closure activities and the long-term performance of the 
disposal system.  

The geography, demographics, and other physical characteristics of the NTS, Frenchman Flat, 
and surrounding areas are collectively important to the RWMS, in terms of meeting the 
performance objectives defined in DOE M 435.1-1 and other applicable regulations.  

2.1 DISPOSAL SITE LOCATION 

The NTS, located in Nye County, Nevada, 104 km (65 mi) northwest of Las Vegas, comprises 
approximately 3,561 square km (km2) (1,375 square mi [mi2]) of land reserved to the jurisdiction 
of the DOE under four land withdrawals (DOE, 1996). The primary use of the NTS between 
1951 and 1992 was testing of nuclear weapons. Since 1992, subcritical experiments and other 
defense-related and nondefense-related activities have been and continue to be conducted at 
the NTS. Mercury, in the southeast corner of the NTS, is the primary support facility for the NTS. 
Other, smaller communities, including Amargosa Valley, Lathrop Wells, and Indian Springs, are 
also present within a few tens of km (tens of mi) of the NTS, along the U.S. Highway 95 corridor 
(Figure 2-1). The primary valleys on the NTS are Yucca Flat, Frenchman Flat, and Jackass 
Flats. Yucca Flat is in the northeast part of the NTS, Frenchman Flat is in the southeast part of 
the NTS, and Jackass Flats is in the southwest part of the NTS. 

Frenchman Flat is a roughly circular basin bounded by the Massachusetts Mountains on the 
north, the Buried Hills and Ranger Mountains on the east and southeast, Mount Salyer on the 
west, and Mercury Ridge and Red Mountain on the south. Elevations range between 1,600 m 
(5,249 ft) in the surrounding mountains to 939 m (3,081 ft) at Frenchman Playa in the center of 
the basin. Frenchman Flat was one of several primary nuclear test areas. Atmospheric tests 
were conducted on the playa, and a limited number of underground tests were conducted in the 
northern part of the basin (Figure 2-2). 
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Figure 2-1. Nevada Test Site Location and Federal Land Management Areas. 
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Figure 2-2. Underground Test Area Corrective Action Units. 
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2.2 DISPOSAL SITE DESCRIPTION 

Disposal of radioactive waste at the Sugar Bunker Dump started in 1961. Between 1961 and 
1978, eight trenches (T01U, T02U, T04U, T06U, T01C, T03C, T05C, and T06C) were filled 
primarily with NTS-onsite-generated waste and operationally closed. The Area 5 RWMS was 
established in 1978 and the facility began receiving greater amounts of waste from offsite 
generators in 1978. Between 1978 and September 26, 1988 (the latter date being when 
DOE O 5820.2A, “Radioactive Waste Management” [now replaced with DOE O 435.1] was 
promulgated), two pits (P01U and P02U) and one trench (T07U) were filled and operationally 
closed. Fourteen pits (P03U, P04U, P05U, P06U, P07U, P08U, P09U, P11U, P12U, P13U, 
P14U, P15U, P10C, and P16C) and seven trenches (T03U, T02C, T04C, T04C-1, T07C, T08C, 
and T09C) have been active since promulgation of DOE O 5820.2A; four of these pits (P04U, 
P05U, P07U, and P11U) and all seven trenches (T03U, T02C, T04C, T04C-1, T07C, T08C, and 
T09C) are now operationally closed, leaving ten currently active pits (P03U, P06U, P08U, P09U, 
P13U, P14U, P15U, P10C, P12C, and P16C) (Figure 2-3). Most of the LLMW at the Area 5 
RWMS was disposed before 1992; however, Pit P03U has accepted small amounts of LLMW 
generated on site since that time.  

The GCD concept was conceived in 1980 when “. . . the National Low-Level Waste 
Management Program began to review alternatives to the shallow land burial of high specific-
activity (HSA) low-level radioactive Wastes” (Dickman et al., 1984). 

Between 1983 and 1989, 9 of 13 GCD boreholes were used for disposal of HSA LLW (classified 
waste or waste similar to Greater-than-Class C) and TRU and MTRU classified materials or 
wastes. Seven boreholes have been filled and operationally closed with backfill of native soil, 
two boreholes have received waste and remain open, and four boreholes are empty. Waste was 
placed remotely in the GCD boreholes from the bottom to a depth of 21 m (69 ft) below surface 
and backfilled with native soil. Two GCD boreholes were active after promulgation of 
DOE O 5820.2A. 

TRU waste previously stored at the Area 5 RWMS on a concrete pad has been disposed at the 
Waste Isolation Pilot Plant (WIPP) in New Mexico. Shipments of TRU waste to WIPP were 
started in 2004 and completed in FY 2006. 

2.2.1 Disposal Operations 

Waste to be disposed at the Area 5 RWMS is transported there on trucks. On arrival, shipping 
paperwork is checked and trucks are inspected both visually and with instrumentation to ensure 
that there is no leakage of contaminated materials from the containers. When cleared, the 
containers are off-loaded and disposed in the appropriate active pit or trench, depending on 
waste type, classification, or both. Trucks are released only after being surveyed for 
contamination. Once disposed, waste is covered with approximately 2.4 m (8 ft) of screened 
native alluvium. Seven unclassified pits (P03U, P06U, P08U, P09U, P13U, P14U, and P15U), 
and three classified waste pits (P10C, P12C, and P16C) currently are open for receipt of waste. 

Pit P09U is used for drums of LLW. Pit P03U is designated for disposal of LLMW under RCRA 
interim status; however, only a small amount of NTS-generated mixed waste has been disposed 
there since 1992. Pit P06U has been deepened for disposal of thorium. The upper portion of 
P06U is permitted to accept asbestiform waste. Pits P08U, P13U, P14U, and P15U in the 
Expansion Area are open for disposal of LLW. GCD is not anticipated to be used as a waste 
disposal option in the future. 
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Figure 2-3. Disposal Units at the Area 5 Radioactive Waste Management Site. 
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2.2.2 Ancillary Facilities 

The Area 5 RWMS includes several equipment storage yards and five permanent and nine 
semi-permanent structures that are used for offices, laboratories, storage, utilities, and routine 
operations. Ancillary to the Area 5 RWMS are a WEF and several support structures. The WEF 
exists to characterize TRU waste stored at the Area 5 RWMS. Neighboring the RWMS are a 
Hazardous Waste Storage Unit (HWSU) and several administrative support structures. 
Hazardous wastes are managed at the HWSU until they are shipped off site for disposal. 

2.3 POPULATION DISTRIBUTION 

No new population centers have been established near the Area 5 RWMS since the 1998 PA. 
Existing local communities continue to grow, with large urban centers experiencing the most 
rapid and consistent increases. The Las Vegas metropolitan area (composed of Las Vegas, 
North Las Vegas, Henderson, Boulder City, and Mesquite) is one of the fastest-growing 
metropolitan areas in the U.S., increasing from 4 to 8 percent per year. In 2004, the population 
of the Las Vegas metropolitan area was estimated to be more than 1.7 million (State of Nevada 
Demographer [SND], 2005a). Pahrump, a rural community in Nye County approximately 80 km 
(51 mi) southwest of the Area 5 RWMS, also continues to grow rapidly with a 2004 population 
estimated to be 30,465 (SND, 2005a). Long-term population trends for smaller rural 
communities near the NTS such as Amargosa (50 km [31 mi] southwest of the RWMS), with a 
2004 population of 1,211, and Indian Springs (42 km [26 mi] to the southeast), with a 2004 
population of 1,661, indicate slower, less consistent increases, with small decreases occurring 
in some individual years. By 2024, the approximate time of site closure, the population of Clark 
County is expected to increase to 2.7 million and Nye County to 57,665 (SND, 2005b). 

2.3.1 Use of Adjacent Lands 

The Area 5 RWMS is protected from public access and future development by government 
control of the NTS and the surrounding Nellis Air Force Range complex (Figure 2-1). Historical 
and DOE uses of these lands were discussed in the 1998 PA. Current land uses at the NTS 
include hazardous chemical spill testing, emergency response training, nonnuclear weapons 
testing, radioactive waste management, and environmental technology studies. Land use in 
Frenchman Flat remains the same as described in the 1998 PA, except for the addition of two 
new facilities, the FACE facility and the Rad/NucCTEC. The FACE facility, located south of the 
Frenchman Flat playa, is an outdoor environmental research experiment investigating the long-
term effects of atmospheric carbon dioxide on desert ecosystems. Rad/NucCTEC, located south 
of the DAF, is a research and testing facility for instrumentation for the detection of weapons of 
mass destruction. Operation of the FACE and the Rad/NucCTEC facilities is not expected to 
have any impact on the performance of the Area 5 RWMS. 

NNSA/NSO plans to restrict access to the NTS in perpetuity (DOE, 2000). The NTS’s primary 
national security mission requires restriction of public access. Residual radioactivity from past 
activities, including aboveground and underground nuclear testing, precludes release of large 
areas of the NTS until contamination is cleaned up to free release standards. Restoration of 
some areas contaminated by nuclear testing may not be economically or technically feasible. 
Such areas will be closed in place with permanent land-use restrictions. The NNSA/NSO 
land-use plans for the NTS includes plan to prohibit construction and drilling within the Area 5 
RWMS in perpetuity. 

Ranching and mining remain important land uses in southern Nevada. More recently, 
recreational activities and irrigation-based agriculture have become important land uses in 
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southern Nevada. Provided that the NTS remains withdrawn from all forms of appropriation, 
these activities likely will not have a significant impact on the NTS. The federal use and 
management of the adjacent land further buffer the NTS from external influence. 

2.4 METEOROLOGY AND CLIMATOLOGY 

Meteorology and climatology specific to the Area 5 RWMS is presented in detail in the PA (Shott 
et al., 1998) and the annual Waste Management Monitoring Report (NSTec, 2008b).  

2.4.1 Precipitation 

Most precipitation in the Transitional Desert occurs in winter and summer. Winter precipitation is 
generally associated with transitory low-pressure systems originating from the west and 
occurring as uniform storms over large areas. Summer precipitation is generally associated with 
convective storms originating from the south or southwest and occurring as intense local events.  

The average annual precipitation based on a 44-year record (1963–2006) at a location 6.4 km   
(4 mi) south of the Area 5 RWMS is 124.9 millimeters (mm) (4.92 inches [in.]) (Air Resources 
Laboratory, Special Operations and Research Division [ARL/SORD, 2007). The average annual 
precipitation based on the 12-year record (1995–2006) collected at the Area 5 RWMS is 
131.3 mm (5.17 in.). Annual precipitation is highly variable at the Area 5 RWMS. The standard 
deviation of the 12-year record of annual precipitation is 64.0 mm (2.52 in.). The maximum 
annual precipitation was 258.9 mm (10.19 in.) in 1998 and the minimum was 37.7 mm (1.48 in.) 
in 2002 (NSTec, 2008b). Figure 2-4 depicts the precipitation record for Area Well 5B and Area 5 
RWMS monitoring stations. 
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Figure 2-4. Historical Precipitation Record for Area Well 5B and Area 5 RWMS. 
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2.4.2 Temperature 

Average daily temperatures at the NTS range between 2 degrees Celsius (°C) (35 degrees 
Fahrenheit [°F]) in January to 24°C (75°F) in August. Large daily fluctuations are common on 
the valley floors. The daily minimum air temperatures ranged from -15°C (5°F) in winter to 25°C 
(77°F) in summer.  

At the Area 5 RWMS, the daily maximum temperature ranged from 12°C (54°F) in winter to 
36°C (97°F) in summer. The daily minimum air temperatures ranged from -12°C (10°F) in winter 
to 17°C (63°F) in summer. 

2.4.3 Potential Evapotranspiration 
Potential evapotranspiration (PET) represents the environmental potential to evaporate and 
transpire water. PET is high at the Area 5 RWMS due to the high incident solar radiation, low 
relative humidity, and high average wind speeds. Using the radiation-based equation from 
Doorenbos and Pruitt (1977), the average annual PET at the Area 5 RWMS is approximately  
12 times the annual average precipitation (Desotell et al., 2006). 

2.4.4 Wind 
Wind speed and direction have been recorded at the Area 5 RWMS meteorology station since 
1994. During 2006, the average wind speed at the Area 5 RWMS was 2.6 meters per second 
(m/s) (5.8 miles per hour [mph]), and the maximum gust was 18.5 m/s (41.4 mph) (NSTec, 
2008b). A wind rose diagram for 2006 is shown as Figure 2-5. Wind rose diagrams illustrate the 
frequency of wind velocities with respect to wind-source direction over a period of record, using 
hourly wind data measured at a height of 3.0 m (10 ft) above the ground surface. Generally, 
more wind comes from the north and higher wind speeds come from the south. The one-year 
wind rose diagram presented here is very similar to multi-year wind rose diagrams. 

  

Figure 2-5. Wind Rose Diagram for the Area 5 RWMS Meteorology Station 
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2.5 ECOLOGY 

The biotic processes that influence the pedoturbation of soils at the NTS have been investigated 
from the fall of 2000 to the present time. These investigations have included literature reviews of 
pedoturbation processes in arid lands (Hooten et al., 2001; Hansen and Ostler, 2003) and field 
investigations of organisms that contribute or are suspected to contribute to pedoturbation of 
soils at the NTS. These data were used to update model structure and input parameter 
distributions as documented within the model itself and in documentation distributed with the 
model. 

2.5.1 Field Characterization of Plant Communities 

Initially, all botanical fieldwork on the NTS was organized by plant association as outlined by 
Ostler et al. (2000). Plant communities for field investigations were chosen based on 
professional opinion as the plant associations were most likely to occur at the Area 3 RWMS or 
Area 5 RWMS over the next 1,000 years. These assemblages are broadly representative of the 
Mojave Desert flora, the Great Basin Desert flora, and the flora of the transition zone (ecotone) 
that lies at their interface. Given this basis, eight associations were chosen for the establishment 
of permanent, 1-ha (2.5-ac) plots (quadrats) that were located to provide coverage of the “most 
likely” plant communities (Table 2-1). 

Table 2-1. Plant Associations of the NTS Investigated for Biotic Conditions of Pedoturbation. 

Quadrat (plot) # Plant Association Desert Region 

Quadrats 1 and 6 Larrea tridentata-Ambrosia dumosa shrubland Mojave Desert 

Quadrat 2 Atriplex confertifolia-Ambrosia dumosa shrubland Mojave Desert 

Quadrat 3 Krascheninnikovia Lanata-Ephedra Nevadensis shrubland transition zone 

Quadrat 4 Lycium andersonii-Hymenoclea salsola shrubland transition zone 

Quadrat 5 Atriplex canescens-Krascheninnikovia lanata shrubland Great Basin Desert 

Quadrat 6 Artemisia tridentata-Chrysothamnus viscidiflorus shrubland Great Basin Desert 

Quadrat 7 Atriplex confertifolia-Kochia americana shrubland Great Basin Desert 

Quadrat 8 Artemisia nova-Artemisia tridentata shrubland Great Basin Desert 

Of all NTS plant associations, the only one not investigated was the Coleogyne ramosissima-
Ephedra nevadensis shrubland of the transition zone. There is, however, significant overlap of 
this community type among the plant associations chosen from the transition zone and Great 
Basin Desert. 

To date, information gathered on plants from each of the quadrats has included perennial shrub 
density and percent composition. In addition to those values provided in Ostler et al. (2000), this 
information has supplied the PA model a range of data from which to estimate parameters 
relevant to plant community composition. 

Additionally, perennial grass rooting depths and belowground spreads have been gathered (by 
means of hand excavation) for two dominant grass species (across all quadrats), including 
Achnatherum hymenoides (Indian ricegrass) and A. speciosum (desert needlegrass). Each of 
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these species is considered “relatively deeply rooting” and has a potential bearing on the 
movement of contaminants from below the ground surface to the surface. 

Investigations of perennial grass productivity of deeply rooting grasses on each quadrat have 
been conducted. Estimates of productivity are yet forthcoming from these investigations, but will 
provide enough information to derive distributions of perennial grass productivity for 
A. hymenoides and A. speciosum in all areas of the NTS, most importantly the RWMSs.  

2.5.2 Field Characterization of Mammal Burrowing 

Mammals are one of the better understood animal groups on the NTS from a taxonomic and 
biogeographic point of view. Investigations have therefore been primarily concerned with their 
overall contribution to the movement of soils from below to above the ground surface. 
Contribution of mammals to the movement of soils has been measured for each of the plant 
communities investigated. 

Measurement of mammal mounding (spoils) for each of the plant communities was considered 
a coarse, but reasonable indicator of the current standing spoils of soil that had been moved 
from below to above the ground surface. Literature regarding the quantity and vigor of 
mammalian digging and soil movement appeared to support this contention concerning spoils. 
Thus, mammal mounding was first measured for the sake of correlating aboveground conical 
volume with actual mound volume over a range of mound sizes, from the smallest to the largest 
observed. Second, each quadrat was measured for estimating the standing volume of mammal 
spoils aboveground. This information was used to develop distributions of mammalian 
contribution of moving soils from belowground to aboveground, based also on literature values 
for estimating the percent mammal burrows in discrete soil layers. 

2.5.2.1 Field Characterization of Ant Burrowing 

Prior to field investigations, the association of ants with specific plant association and desert 
biome types was poorly understood for the region of the NTS. Investigations have provided 
significant information on the species’ biogeographic distributions, as well as confirmation of 
species occurrence in the areas of each of the quadrats investigated. Additionally, the relative 
densities of ants in each of the associations have been well established in the context of nests 
per hectare. Moreover, estimates of ant nest densities per hectare have been supplemented by 
information on replacement rates of nests per year. Estimates of nest replacement have been in 
accord with literature estimates. This information has been critical in the estimation of soil 
movement by ants over time. 

Five species of primary concern for soil movement were identified from literature and field 
studies on the NTS. Each of these species, along with their desert biomes of association, is 
listed in Table 2-2. Plant associations are too narrow a biotic community-organizational focus for 
the occurrence of the five species of concern, as they occur in areas of broader biotic affiliation 
than associations. Thus, desert biomes appear to be more functionally accurate for predicting 
the occurrence of species. These assertions are based primarily on observation, and not on 
specific analyses of ant-plant community types. 
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Table 2-2. Ant Species of Primary Concern for Maximum Nest Depths and Soil Movements at the NTS. 

Ant Species Desert Biome of Occurrence 

Pogonomyrmex rugosus Mojave Desert/transition zone 

P. occidentalis Great Basin Desert 

P. salinus Great Basin Desert 

Messor pergandei Mojave Desert 

Myrmecocystus mexicanus transition zone and possibly the Great Basin Desert 

Ant nest depth information had previously been limited to literature that reported maximum 
burrowing (nest) depth values from areas outside of Nevada. Even more occlusive, nest 
geometry and volume by depth were completely lacking for all species of concern for significant 
pedoturbation. Field campaigns were therefore launched to discover the maximum burrowing 
depth, volume, and three-dimensional (3-D) character/distribution of chambers and galleries of 
each nest. This information was intended to improve modeling of ant pedoturbation by providing 
modelers with accurate, site-specific information on the potential for soil movement by ants on a 
per-depth basis to the maximum depth observed for each species. 

Species investigated included P. rugosus (occurred in Areas 3 and 5), Messor pergandei 
(occurred in Area 5 only), and Myrmecocystus mexicanus (occurred in Area 3 only). Other 
Pogonomyrmex species were not investigated primarily because of budgetary and time 
constraints. However, literature information on excavations of P. salinus and P. occidentalis 
indicate that nests are geometrically similar to, but not as deep as, those of P. rugosus. 
Additionally, field investigations indicated that P. occidentalis is a low-elevation Great Basin 
Desert ecological analog of P. rugosus, while P. salinus appears to be a high-elevational 
analog. For the time being, this information of analogous ecological function is sufficient for 
current PA modeling efforts. 

Three field trips of a total duration of five weeks were conducted to excavate the entirety of 19 
P. rugosus nests (10 in Area 5 and 9 in Area 3), 13 M. pergandei nests, and 8 M. mexicanus 
nests. Excavations were initially exploratory in technique, but ultimately yielded the desired 
information and vastly improved understanding of the nesting/burrowing behavior of each of the 
species. Refinements that followed in PA modeling indicated vastly improved estimates of soil 
movement from belowground to above the ground surface. Estimates indicated that 
considerably less material was moved from the deepest reaches of the nests than had been 
previously suspected. 

2.5.2.2 Field Characterization of Termite Burrowing 

Termites are historically a perplexing taxonomic group for considering pedoturbation in the 
desert environs of the NTS. Literature and expert opinion in 2000 implied that southwestern 
U.S. desert termites may move soil from remarkable depths (>10 m [33 ft]) and bring it to the 
ground surface. Investigations into the biology and behavior of termites of the NTS have 
provided a very different view of their pedoturbation activities than previously suggested. 

The nesting behavior of three genera of termites was investigated for each of the major desert 
areas covered by permanent quadrats. Genera investigated included Reticulitermes, 
Gnathamitermes, and Amitermes. Various techniques were used for considering their depths of 
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burrowing, their rates of consumption of belowground cellulosic resources, and their proclivity to 
move belowground soil particulates to the ground surface, as well as the origin of such 
particulates. 

The conclusion of the investigation is that there is fairly strong resource partitioning among the 
genera (perhaps five species). This would allow for the co-occurrence of more than one species 
in any given habitat, which was confirmed by observation and collection. All species consume 
belowground and aboveground woody resources, and may attack any exposed woody debris 
over time. This includes anthropogenic woody debris, including cardboard and paper. 

Although termites will access and consume any available woody debris, only one species at the 
NTS was observed to excavate soil from below to above the ground surface. Gnathamitermes 
sp. 1 (an undescribed species) moves fine soil particles from below ground to coat dead 
portions of perennial grasses (preferentially Achnatherum sp.) and, to a limited degree, some 
perennial shrubs and harvest sun-bleached fibers from the surface layers of the plants. 
Excavations of ant nests were very informative for discerning the origin of the excavated fines, 
and show that most of the fine soil particulates originated from within 30 centimeters (cm) (1 ft) 
of the ground surface. 

Indeed, excavations of ants provided great insight to termite activities belowground. Most 
termite activities were found to be limited to roots of 3 mm (0.1 in.) and greater diameter, with 
maximum depths of root excavations observed at nearly 1.5 m (4.9 ft). It is likely that termites of 
several species at the NTS can routinely excavate roots to nearly the maximum root depth in 
any given plant community. Their redistribution of contaminants will then be limited to ingestion 
of contaminants in roots and the haphazard redistribution that follows. However, most activity of 
termites was observed well above 1 m (3.3 ft) depth, and limited to roots and some soil 
rearrangement due to nesting activities or, in the case of Gnathamitermes sp. 1, due to some 
redistribution of near-surface fines. The sum of these observations implies that termites 
contribute somewhat to the accelerated collapse of belowground voids because of root intrusion 
or the presence of anthropogenic or other buried woody materials, but little to the movement of 
soils from depth to the ground surface. 

2.6 GEOLOGY 

Detailed descriptions of the geology of Frenchman Flat are in the Area 5 RWMS PA (Shott et 
al., 1998). 

2.6.1 Regional Geology 

In general, the sequence of rocks (from oldest to youngest) at the NTS is composed of 
Proterozoic and Paleozoic, primarily marine, sedimentary rocks; locally intrusive Cretaceous 
granitic rocks; Miocene volcanic rocks; and post-volcanic sand and gravel. These layers total 
approximately 10,500 m (35,000 ft) thick, if stacked at one location according to age (Frizzell 
and Shulters, 1990). The volcanic rocks of generally rhyolitic composition erupted a relatively 
large volcanic complex (referred to as the Southwestern Nevada Volcanic Field [Warren et al., 
2003]) consisting of multiple nested and coalesced calderas located 40 km (25 mi) northwest of 
Frenchman Flat. These rocks dominate the highlands north and northwest of Frenchman Flat. 
The highlands bounding Frenchman Flat on the west are composed of intermediate composition 
tuffs, lavas, and debris flows from the Wahmonie volcanic center located west of Frenchman 
Flat. 



  Closure Plan for the Area 5 RWMS 

September 2008  2-13 

2.6.2 Frenchman Flat Geology 

Formation of the basin appears to be related to the termination of the left-lateral Rock Valley 
fault system. Northeast-striking faults of the Rock Valley system in the southern portion of 
Frenchman Flat turn north and then northwest as the faults of the system flare out into an 
extensional imbricate fan along the eastern and northern margins of the basin (Figure 2-6). This 
has resulted in the basin being dropped down on the south, east, and north, and filled with more 
than 2,740 m of mostly Tertiary volcanic rocks and alluvium. The main period of basin 
development appears to have begun between 11.45 and 9.14 million years ago (Ma), and may 
continue into the present. 

The mountain ranges surrounding Frenchman Flat consist primarily of Tertiary volcanic rocks 
and underlying Paleozoic sedimentary rocks (Figure 2-6). Erosion of the mountain ranges has 
resulted in deposition of a significant thickness of alluvium. The stratigraphy of rocks within 
Frenchman Flat has been established from mapping and boreholes drilled for water wells, 
underground nuclear testing (Drellack, 1997), and most recently groundwater characterization 
wells for the UGTA Sub-Project (DOE, 2005c; 2005d). The thickness of alluvium in Frenchman 
Flat ranges between 0 and 1,500 m (0 and 4,900 ft), based on recent drillhole and 3-D seismic 
reflection data. The alluvium directly below the Area 5 RWMS is approximately 914 m (3,000 ft) 
thick (BN, 2005a). 

The alluvium is underlain by interbedded Tertiary ash-flow and ash-fall tuff estimated to be over 
1,190 m (3,900 ft) thick directly below the Area 5 RWMS. On the basis of 3-D seismic reflection 
data (BN, 2005a), the upper surface of the underlying carbonate rocks is about 2,100 m 
(6,900 ft) below the surface at the Area 5 RWMS, and perhaps as deep as 2,740 m (9,000 ft) 
near the center of the basin. A well recently drilled in northern Frenchman Flat showed the top 
of the carbonate rocks to be 1,426 m (4,678 ft) below surface (DOE, 2005c), approximately 
3.2 km (2 mi) northeast of the RWMS. 

Principal faults in Frenchman Flat are the Cane Spring Fault and the Rock Valley Fault zone 
(Figure 2-6). The Cane Spring Fault is a left-lateral, strike-slip fault that strikes southwest to 
northeast in the northern part of Frenchman Flat, 6.4 km (4 mi) northwest of the RWMS. The 
Rock Valley Fault zone is also a left-lateral, strike-slip fault zone with a minor dip-slip 
component (down to the north) that strikes southwest to northeast in the southern part of 
Frenchman Flat, about 8.8 km (5.5 mi) south of the RWMS. 
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Figure 2-6. Simplified Geologic Map. 
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2.7 SEISMOLOGY 

2.7.1 Potential for Seismic Activity 

The 1998 PA concluded that seismic activity was not a significant concern for the Area 5 RWMS 
(Shott et al., 1998). This judgment was based on multiple lines of evidence including: 

• Maximum predicted magnitudes and peak accelerations for seismicity are not significant 
concerns for the engineered structures (unlined pits and trenches in alluvium with a 
monolayer soil cover) used for shallow-land disposal of LLW. 

• The return periods for large-magnitude earthquakes (>5.8 magnitude) are long and 
exceed 10,000 years (infrequent events relative to 1,000-year compliance period). 

• There is no surface evidence of recent faulting in the vicinity of the Area 5 RWMS. 

• There is a low likelihood of a future seismic event centered at the facility.  

• It is unlikely that the facility will be compromised by future seismic activity. 
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Figure 2-7. Satellite Photograph of the Frenchman Flat Basin of the Southeast Nevada Test Site. 

The star symbols mark the location of the exploratory UGTA drillhole clusters. The white cross-hairs mark 
the location of the 1999 Frenchman Flat earthquake. Photograph adapted from the National Aeronautics 
and Space Administration World Wide imagery. 

2.7.3 Structural Model of Frenchman Flat 

A revised hydrostratigraphic model of Frenchman Flat has been developed for the basin and 
incorporates newly obtained information from the UGTA Sub-project. These data consist of five 
new exploratory drillholes, including a cluster of wells located several kilometers northeast of the 
Area 5 RWMS and a second cluster of wells located near the basin center, south-southwest of 
the RWMS (Figure 2-7 [BN, 2005a]). A 3-D seismic reflection survey was conducted in 
Frenchman Flat in 2001 that supplements and extends the data obtained from the exploratory 
drilling (BN, 2005a).  

The structural model of Frenchman Flat basin used in the 1998 PA (Shott et al., 1998) is based 
largely on the interpretations of Carr et al. (1975) and Hudson (1997). The basin was interpreted 
as a predominantly extensional feature controlled by inferred north-south trending, 
down-to-the-west normal faults that merge to the south into the left-slip Rock Valley fault 
system. The basin lies between two northeast-trending left-slip faults, the Cane Spring fault on 
the northwest and the Rock Valley fault on the south. Strike-slip motion on these faults 
contributed to basin development, but the basin was viewed as a predominantly extensional 
basin defined by a series of north-south trending, east-tilted half-grabens extending beneath the 
central part of Frenchman Flat.  

Based on the new drillhole and geophysical data, the revised structural model of the basin 
interprets basin-forming faults to be confined mostly to the east-northeast part of Frenchman 

Basalt of Nye        
Canyon 

Area 5 RWMS 
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Flat. Northeast-trending faults at the eastern end of the Rock Valley fault system in southern 
Frenchman Flat are inferred to rotate north and northwest into an extensional imbricate fan 
structure on the eastern and northern margins of the basin (BN, 2005a). The resulting structure 
is a single, deep, and east-tilted half-graben structure beneath the central part of the basin.  

A significant insight from the revised structural model is the identification of a major and 
previously unrecognized northwest-trending, down-to-the-southwest zone of faulting beneath 
the north part of Frenchman Flat near the Area 5 RWMS (BN, 2005a). This fault zone has as 
much as 600 m (2,000 ft) of displacement. The absence of surface offsets in the alluvial 
deposits and the northwest orientation of the zone suggest the fault zone beneath the facility is 
not a seismogenic structure. However, the fault is inferred to be related to curving north and 
northeast-trending faults southeast of the buried fault. These faults merge with the Rock Valley 
fault zone and are inferred to be associated with development of the Frenchman Flat basin. The 
presence of Quaternary scarps on the Rock Valley fault zone and the instrumentally located 
seismicity, including the 1999 Frenchman Flat earthquake, suggest basin formation is 
continuing. 

2.7.4 Seismological Monitoring of the Nevada Test Site 

The Nevada Seismological Laboratory maintains a seismic network in the vicinity of Yucca 
Mountain under a DOE-University and College System in Nevada cooperative agreement. 
Recorded seismicity during a five-year period (1997–2002) shows two zones of clustered 
seismic events. The first is an aftershock zone from the 1992 Little Skull Mountain earthquake; 
the second is an aftershock zone from 1999 Frenchman Flat earthquake (Brune et al., 2003). 

2.7.5 Rock Valley Fault Zone 

Tectonic studies of the Rock Valley fault zone are discussed in O’Leary (1996). The fault zone 
consists of multiple east-northeast striking, left-slip faults within Rock Valley at the south part of 
the NTS (Figure 2-6). These faults extend for more than 18 km (11 mi) from southern Jackass 
Flats on the west to southern Frenchman Flat on the east where the fault zone merges with a 
zone of north- and northeast-trending faults. The Rock Valley fault is grouped with two other 
northeast-trending left-slip faults, the Mine Mountain and Cane Spring faults; this group of faults 
forms the Spotted Range-Mine Mountain structural zone described by Carr (1984). These faults 
are listed in the Quaternary fault database of the United States, a compiled list of faults that are 
assumed to be sources of greater than magnitude 6.0 earthquake activity during the Quaternary 
(Anderson, 1998). Repeated clusters of generally lower-magnitude earthquakes within and 
adjacent to Rock Valley demonstrate that the Rock Valley fault zone is presently active 
(O’Leary, 1996). Trenching and paleoseismic studies of the Rock Valley fault system give slip 
rates of 0.002 to 0.05 millimeters per year (mm yr-1) and recurrence intervals of 5,000 to 10,000 
years (Coe et al., 1996). Studies associated with the Yucca Mountain Project conclude that the 
Rock Valley fault system could generate earthquakes of magnitude 7.0 or larger (O’Leary, 
1996). 

2.7.6 Seismic Effects 

There is significant potential for seismic activity in the NTS area including Frenchman Flat 
during the next 1,000 years (Shott et al., 1998). The revised conceptual model of Frenchman 
Flat relates the origin of the Frenchman Flat basin to strike-slip along the Rock Valley fault 
system that terminates in an extensional imbricate fan structure in the eastern margin of the 
basin. Observational data suggest that this structure is still active. Relatively large-magnitude 
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earthquakes (> magnitude 5.0) are expected events in the NTS region over time frames of 
10,000 to 15,000 years. 

A formal seismic risk assessment has not been conducted for the Area 5 RWMS. However, 
multiple lines of evidence support the conclusion that future seismic activity is unlikely to 
significantly degrade the isolation capability of LLW disposed in shallow land pits and trenches. 

There are no observed offsets in alluvial deposits within the vicinity of the Area 5 RWMS. The 
active parts of the Rock Valley fault system and related imbricate fault systems are >5 km (3 mi) 
from the facility. The buried fault beneath the facility strikes northwest, a fault orientation that is 
not seismogenic in the current stress field (Carr, 1984). Future ground ruptures from earthquake 
activity are not expected to disrupt the facility. 
 
The recurrence time or time between major earthquake events is relatively long (10,000 to 
15,000 years) compared to the compliance period for waste isolation (1,000 years). 
 
The most likely future effect of seismic activity is ground shaking associated with a distant 
earthquake event. The primary concern associated with the effects of seismic activity on closure 
covers is ground shaking and disruption of engineered components (geomembrane barriers, 
leachate collection system) that can lead to increased infiltration and/or enhanced vapor-phase 
transport. Closure plans for the Area 5 RWMS include construction of a thick (>3-m [9.8-ft]) 
monolayer-ET closure cover composed of alluvial soil. This closure cover does not contain 
engineered components that could fail or be disrupted by seismic events. The only anticipated 
effect of ground shaking is enhanced and/or accelerated compaction/subsidence. The important 
infiltration, water storage, and water removal characteristics of a monolayer-ET cover are not 
expected to be adversely affected by minor compaction. Kemnitz (1999) completed a seismic 
hazard assessment for the U-3ax/bl monolayer closure cover at the Area 3 RWMS. Model 
parameters and site response assessments were performed for a bounding analysis to assess 
damage to a monolayer closure cover at the U-3ax/bl disposal cell. The controlling earthquake 
for the analysis is an earthquake event on the Yucca fault with a peak horizontal acceleration of 
0.79 g, where g is the acceleration of gravity. The maximum predicted deformation of the 
closure cover is between 2 and 8 cm (0.8 and 3 in.) (lateral and differential deformation). These 
deformations are insignificant compared to the expected subsidence in the closure cover 
(Kemnitz, 1999). The effects of future seismic events are not significant for the Area 5 RWMS. 

2.8 VOLCANISM 

The volcanic record of the NTS was summarized in the 1998 PA (Shott et al., 1998). Silicic 
volcanism in the region ceased following eruptions associated with the Black Mountain caldera 
about 8.5 Ma (Sawyer et al., 1994). Small-volume basaltic volcanism persisted in the region 
following cessation of silicic volcanism. All Quaternary basaltic volcanic activity in the NTS 
region is confined to the western and southwest parts of the the region, including the basalt of 
Sleeping Butte, the Quaternary basalt of Crater Flat, and the Lathrop Wells volcanic center 
(Crowe, 1990; Fleck et al., 1996; Heizler et al., 1999). Basaltic volcanism in the Frenchman Flat 
basin includes buried basalt encountered in the alluvial section in multiple drillholes, including 
the UGTA northern drillhole cluster (Carr, 1974; BN, 2005a). The age of these buried basalt 
lavas is about 8.5 Ma (Raytheon Services Nevada [RSN], 1994). Local vents for the buried 
basalt are present in Scarp Canyon, immediately north of Frenchman Flat (Crowe, 1990). The 
youngest basalt centers in the basin vicinity are the basalt of Nye Canyon. This volcanic unit 
consists of three basalt centers aligned along a north-northeast trend dated at about 7.3 Ma 
(RSN, 1994). 
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The absence of nearby Pliocene or Quaternary basaltic volcanism in the Frenchman Flat area is 
the primary basis for an assessment of minimal risk to the Area 5 RWMS from the recurrence of 
future volcanism. The nearest site of Quaternary basaltic volcanism is the Lathrop Wells center, 
over 50 km (31 mi) from the Area 5 RWMS. The absence of young volcanic centers in the area 
classifies the facility as removed from zones of active volcanism and in a setting of background 
volcanic rates for the southern Great Basin. Background volcanic rates for the southern Great 
Basin region have been estimated by multiple researchers. Crowe et al. (1998a) calculated a 
Quaternary recurrence rate of 3.7 x 10-6 events/yr-1 for post-caldera basaltic volcanism within an 
area emcompassing the NTS region and including Frenchman Flat. The likelihood of magmatic 
disruption of a 2.5-km2 (1-mi2) area equivalent to the dimensions of the Area 5 RWMS using this 
recurrence rate is 2 x 10-9 events/yr-1. Connor et al. (2000) calculated an event rate of 
1.3 x 10-9 events/yr-1 per km2 for the last 2.0 Ma for the western Great Basin. Application of this 
rate to a 2.5-km2 (1-mi2) facility area gives a volcanic disruption probability of 3.2 x 10-9 
events/yr-1. These event rates are equal to a disruption probability of about 1 in 300 million per 
year, a sufficiently low probability to dismiss volcanism as a concern for the Area 5 RWMS.  

2.9 HYDROLOGY 

2.9.1 Surface Water 

No permanent surface water is present within Frenchman Flat, with the exception of small 
artificial impoundments and Cane Spring, which issue from a perched aquifer recharged from 
infiltration through fractures in the nearby mountains. Cane Spring is approximately 14.4 km 
(9 mi) southwest of the Area 5 RWMS. Alluvial fans within Frenchman Flat are cut by numerous 
arroyos that drain storm runoff to the playa. Water that accumulates on the playa evaporates or 
infiltrates within a short period of time. Frenchman Playa is about 6.4 km (4 mi) southeast of the 
Area 5 RWMS. 

Schmeltzer et al. (1993) identified three watersheds that could contribute water to the Area 5 
RWMS: Barren Wash, Massachusetts Mountains–Halfpint Range, and Scarp Canyon. The total 
area of these watersheds is approximately 360 km2 (140 mi2). A flood hazard assessment for 
the Area 5 RWMS based on these watersheds shows that only the southwest corner of the 
Area 5 RWMS is within a 100-year flood hazard zone. This zone is defined by the Federal 
Emergency Management Agency to have a 0.01 (1 percent) probability that a flood with a depth 
of flow greater than 0.3 m (1 ft) could occur within any given year. The southwest corner of the 
RWMS has the potential for flooding from both alluvial-fan flow on the Barren Wash fan and 
shallow concentrated flow on the Massachusetts Mountains–Halfpint Range fan. Other parts of 
the Area 5 RWMS are within an area referred to as Zone X, where sheetflow resulting from a 
100-year, 6-hour precipitation event is anticipated to be less than 0.3 m (1 ft) deep. Recent 
studies, and a documented 25-year, 24-hour precipitation event at the NTS, suggest that actual 
depths of flow and flow velocities may be considerably less than modeled because of water lost 
into the ground during transmission (French and Curtis, 1999). The currently active part of the 
Area 5 RWMS is now protected from a 25-year, 24-hour flood event via a channel and dike 
system. 

2.9.2 Groundwater 

2.9.2.1 Unsaturated Zone 

Many studies and models have been completed that contribute to our understanding of the 
stratigraphy and physical properties of the unsaturated zone in Area 5, the physical properties of 
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the existing operational covers, and the potential for movement of water through the vadose 
zone. In the early 1990s, several studies were conducted that characterized the unsaturated 
alluvium in the vicinity of the Area 5 RWMS. The studies provided physical property data useful 
for further evaluation of hydrogeologic processes; the potential for contaminant transport, 
erosion, and subsidence; and other factors that must be considered in planning for closure of 
Area 5 RWMS disposal cells.  

2.9.2.1.1 Physical and Hydrologic Properties 

Particle size analysis has been conducted for over 2,000 samples of Area 5 alluvium. Results 
indicate the alluvium composition is approximately 20% gravel, 70% sand, and 10% silt/clay 
using the Unified Classification System (Shott et al., 1998). Using this system, the soil is 
classified as a well-graded sand with silt and gravel. 

Bulk density measurements have been conducted for over 400 samples of the Area 5 alluvium. 
Analysis of the results indicate bulk density is normally distributed with a mean of 1.58 grams 
per square centimeter and standard deviation of 0.13 (Neptune, 2006). 

The average calculated porosity from 43 samples collected from the pilot wells (Figure 3-6) is 
37.9% (BN, 2005c). Similar values were obtained from the Science Trench Boreholes where the 
geometric mean of calculated porosity for 18 samples collected is 36.1% (Reynolds Electrical 
and Engineering Company, Inc. [REECo], 1993). 

Nearly 200 saturated hydraulic conductivity (Ksat) tests have been conducted for samples taken 
from the pilot wells and the Science Trench Boreholes. Analysis of the data indicated Ksat is 
lognormally distributed with a geometric mean of 2.69 x 10-3 centimeters per second and 
exhibits little spatial variability. 

2.9.2.1.2 Unsaturated Hydraulic Parameters 

Table 2-3 presents summary statistics for unsaturated hydraulic parameters fit to the van 
Genuchten water retention model (van Genuchten, 1980) for samples collected from the 
Science Trench Boreholes. 

Table 2-3. Unsaturated Hydraulic parameters from the Science Trench Boreholes. 

Statistic α (cm-1) N Θr (cm3/cm3) 
Min 0.008 1.30 0.00 
Max 0.03 3.12 0.10 
Geometric mean 0.019 1.831 0.075 
Std deviation (arithmetic) 5.71e-3 0.529 0.024 
No. samples 18 18 18 

2.9.2.1.3 Vadose Zone Water Balance Monitoring 

Water balance studies using two precision weighing lysimeters have been conducted at the 
Area 5 RWMS since 1994. The lysimeters are located approximately 400 m from the southwest 
corner of the RWMS. Each lysimeter consists of a 2 m x 4 m x 2 m deep steel tank filled with 
native alluvium, supported on a sensitive scale. One lysimeter is vegetated with creosote bush, 
fourwing salt bush, and annual grasses at the approximate density of the surrounding 
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landscape, while the other lysimeter is maintained as bare soil. The total daily storage data for 
the lysimeters through 2006 is presented as Figure 2-8. One dimensional unsaturated zone flow 
model simulations were calibrated using the lysimeter data set. The 30-year model simulations 
calibrated to the lysimeter data indicate a 2 m thick soil cover with native vegetation essentially 
eliminates drainage (Desotell et al., 2006). This modeling study supports the conclusion that 
there is no groundwater pathway for contaminants. 
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Figure 2-8. Soil Water Storage and Precipitation over Time, March 1994 through 2006. 
2.9.2.1.4 Key Findings 

Climate and vegetation strongly influence the movement of water in the near-surface alluvium 
(upper 2.0 m [6.5 ft]). Except for periods following precipitation events, water content in the  
near-surface region is low. Below this region is a zone where steady upward movement of water 
is occurring (Tyler et al., 1996). This zone extends to depths as great as 3 to 40 m (10 to 131 ft) 
in Area 5. Below this zone, water potential measurements indicate the existence of a static zone 
between approximately 40 to 90 m (131 to 295 ft) below the ground surface in Area 5 
(Shott et al., 1998). In this static zone, essentially no vertical liquid flow is currently occurring. 
Below this static zone, flow is downward due to gravity. Stable isotope compositions of pore 
water indicate that infiltration into the static region must have occurred under cooler climate 
conditions in the past (Tyler et al., 1996) 
 
Based on the results of extensive research, field studies, modeling data, and monitoring data, 
which are summarized in the Area 5 RWMS PAs (Shott et al., 1998), the alluvium within Area 5 
exhibits little spatial variability, and there is no aerially distributed groundwater recharge under 
current climatic conditions. 
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2.9.2.2 Saturated Zone 

2.9.2.2.1 Regional System 

The NTS is located within the Death Valley Regional Flow System (DVRFS), one of the major 
hydrologic subdivisions of the southern Great Basin. The DVRFS covers an area of about 
100,000 km2 (38,600 mi2) in Nevada and California (Belcher, 2004). The regional flow system 
consists primarily of volcanic rock in the west and carbonate rock in the east, and is estimated 
to transmit more than 86 million m3 (70,000 ac ft) of groundwater annually. Most of this flow 
moves through a thick sequence of Paleozoic carbonate rock extending throughout the 
subsurface of central and southeastern Nevada and is sometimes referred to as the “central 
carbonate corridor.” The three principal groundwater subbasins identified within the NTS region 
are Ash Meadows, Oasis Valley, and Alkali Flat-Furnace Creek Ranch subbasins. Yucca Flat 
and Frenchman Flat lie within the Ash Meadows subbasin (Laczniak et al., 1996). Figure 2-9 
shows the NTS with respect to these subbasins and general groundwater flow directions.  

The Ash Meadows subbasin covers an area of about 10,360 km2 (4,000 mi2). Precipitation is 
believed to recharge the subbasin along its northern boundary at the Belted, Reveille, 
Timpahute, and Pahranagat Ranges; along its eastern boundary at the Sheep Range; and 
along its southern boundary at the Spring Mountains. Recharge is also suspected to occur 
within the subbasin at higher elevations of the Spotted, Pintwater, and Desert Ranges. 
Groundwater primarily flows through the lower carbonate-rock aquifer and discharges along a 
line of springs in Ash Meadows. Groundwater flow rates through the different lithologic units of 
the Ash Meadows subbasin are highly variable. Estimates range from less than 0.3 to more than 
300 m per day (1 to 1,000 ft per day), depending on the unit. In general, the regional 
carbonate-rock aquifer is believed to transmit water at the fastest rate; whereas, the basement 
and Eleana confining units transmit water at the slowest rate, and volcanic and valley-fill 
aquifers and confining units transmit water at intermediate rates (Laczniak et al., 1996). 

The lower carbonate-rock aquifer within the Ash Meadows subbasin is the only subsurface 
pathway by which groundwater leaves Yucca Flat and Frenchman Flat basins. Groundwater 
flows south from Yucca Flat into Frenchman Flat and then southwest toward down-gradient 
areas (primarily Ash Meadows). Water levels within the lower carbonate-rock aquifer indicate 
that the gradient is nearly flat (less than 0.3 m/km [1.6 ft/mi]) between Yucca Flat and 
Frenchman Flat and down to the discharge Area at Ash Meadows. This flat gradient is an 
indication of a high degree of hydraulic continuity within the aquifer, which is probably a result of 
a high fracture (secondary) permeability (Laczniak et al., 1996). 

Based on the existing data, and as interpreted from a regional groundwater flow model (DOE, 
1997b), the overall groundwater flow direction in Yucca Flat and Frenchman Flat is to the south-
southwest. Groundwater ultimately discharges at Ash Meadows and Franklin Lake Playa to the 
south and Death Valley to the southwest. 
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Figure 2-9. Hydrologic Subbasins. 
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2.9.2.2.2 Local Groundwater System 

In the area of Frenchman Flat there is essentially a three aquifer system: alluvial aquifer, 
volcanic aquifer (welded and vitric tuff aquifers that are particularly important at the northern part 
of the basin) and the regional lower carbonate aquifer (LCA). Alluvium overlies the 
interconnected alluvial aquifer and volcanic aquifers, which are separated from the deeper LCA 
by low permeability confining units. Figure 2-10 presents a schematic regional cross-section, of 
the west-east profile through the location of Well ER-5-3#2, which is about 2,500 m (8,200 ft) 
northeast of the Area 5 RWMS. The profile was generated from a hydrostratigraphic model of 
the region (BN, 2005a). 

The depth to the static water level in Frenchman Flat ranges from 210 m (690 ft) near the 
central playa to more than 350 m (1,150 ft) at the northern end of the valley. In the deeper, 
central portions of the basin, more than half of the alluvium section is saturated. From March 
1993 through 1997, groundwater levels were measured frequently and on an irregular schedule 
at the three pilot wells surrounding the Area 5 RWMS. Since 1998, groundwater levels have 
been measured quarterly. Groundwater elevation measurements indicate the water table is 
essentially flat with a calculated groundwater velocity of less than 10 cm/yr (NSTec, 2008b). 
Sampling data from the pilot wells indicate the groundwater is sodium bicarbonate type water 
and has not been impacted from Area 5 RWMS disposal operations. 

Water-level data for the LCA in the southern part of the NTS are limited, but indicate a fairly low 
gradient in the Yucca Flat, Frenchman Flat, and Jackass Flats area. This gentle gradient implies 
a high degree of hydraulic continuity within the aquifer, presumably due to high fracture 
permeability (Laczniak et al., 1996). Furthermore, the similarity of the water levels measured in 
Paleozoic rocks (LCA) in Yucca Flat, Frenchman Flat, and Mercury Valley implies that, at least 
for deep interbasin flow, there is no groundwater barrier among the three basins. Inferred 
regional groundwater flow through Frenchman Flat is to the south, turning southwest in Mercury 
Valley toward discharge areas in Ash Meadows. An increasing westward flow vector in southern 
NTS may be due to preferential flow paths subparallel to the northeast-trending Rock Valley 
fault zone (Grauch and Hudson, 1995) and/or a northward gradient from the Spring Mountain 
recharge area (International Technology Corporation [IT], 1999a; 1999b). 

At the NTS, localized perched water occurs principally within the tuff and lava aquitards in the 
foothills and ridges flanking the basins. Perched water is not known to occur beneath 
Frenchman Flat (Shott et al., 1998). 
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Figure 2-10. Regional Cross-Section of Northern Frenchman Flat. 
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2.10 GEOCHEMISTRY 

Three types of groundwater chemistry facies dominate the region: (1) a calcium-magnesium 
bicarbonate (Ca-Mg-HCO3) facies within the carbonate units, (2) a sodium and potassium 
bicarbonate (Na-K-HCO3) facies derived from groundwater in volcanic rocks, and (3) a mixed 
facies containing components from both (1) and (2). The Ca-Mg-HCO3 composition (1) is found 
within the Paleozoic carbonate units, such as the LCA and the valley-fill aquifers that are 
composed of carbonate detritus. Most of the calcium and magnesium present is from the 
dissolution of limestone and dolomite (CaCO3 and CaMg [CO3]2) mineralization in the unit as it 
conducts flow. The Na-K-HCO3 facies (2) is found within the lava-flow aquifer and tuff-aquitard 
units. The facies also is seen in portions of the valley-fill aquifer, where a major portion of the 
alluvial-fill material has been derived from the erosion of volcanic units. Water of the mixed 
facies (3) contains portions of both the Na-K and Ca-Mg ions groups (Chapman, 1994; 
Winograd and Thordarson, 1975).  

2.10.1 Soil Geochemistry 

The geochemistry of the native alluvium affects the transport of radionuclides by affecting their 
solubility and sorption characteristics. The alluvium is dominated by quartz, feldspar, and 
cristobalite, with calcite, gypsum, and minor amounts of clays and zeolites. Measured pH values 
range between 7 and 9, indicating neutral to alkaline conditions (Cochran et al., 2001). The 
presence of clays and zeolites in an alkaline environment generally inhibit the mobility of 
radionuclides. The geochemical environment of the closure cover is anticipated to be largely 
determined by the geochemistry of the constituent alluvium. 

2.11 NATURAL RESOURCES 

Exploration and exploitation of natural resources near the RWMSs potentially could have an 
impact on closure and monitoring over both the short- and long-terms. A natural resource is 
economically viable if it is available in sufficient quality and quantity and a demand for the 
resource exists. Four potentially viable resources are identified for the NTS: sand and gravel, 
minerals, hydrocarbons, and water. A detailed evaluation of the resources near the RWMS is 
provided in the assurance requirements document for the GCD PA 40 CFR 191 compliance, in 
preparation. It is determined that the Area 5 RWMS was not sited near any significant economic 
mineral deposits, viable petroleum or natural gas deposits, valuable geologic formations, or 
irreplaceable sensitive water supplies.  

The Area 5 RWMS is located on alluvial fans composed primarily of sand and gravel. Most sand 
and gravel is used for road base, building pads, and other fill structures. Construction of closure 
covers may require a relatively large volume of sand and gravel, derived from within the RWMS. 
Exploitation of sand and gravel from near the RWMS for other than local use is unlikely because 
the gravels are composed largely of silicic volcanic rocks, which tend not to be durable. 
Additionally, good quality sand and gravel are generally available elsewhere. 

Four mining districts are present on the NTS: Calico Hills, Oak Spring, Mine Mountain, and 
Wahmonie. Of these four districts, Calico Hills is considered to be sufficiently distant from Yucca 
Flat and Frenchman Flat to not impact the RWMS significantly if the district should be 
developed.  

The Oak Spring district is in northern Yucca Flat, the Mine Mountain district is in southwestern 
Yucca Flat, and the Wahmonie district is in Jackass Flats. The Oak Spring district is considered 
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to have moderate potential for tungsten, and silver may be present (Science Applications 
International Corporation/Desert Research Institute, 1991). Although economic deposits of silver 
and gold were extracted from the Mine Mountain and Wahmonie districts, the current economic 
potential for these districts is uncertain (Richard-Haggard, 1983; Gustafson et al., 1993). 
Overall, especially considering that DOE anticipates institutional controls over the NTS for the 
foreseeable future, the probability of mineral exploration and exploitation that would impact the 
RWMS is low. 

The potential for oil and natural gas in southern Nye County is thought to be low (Garside et al., 
1988; Castor et al., 1990). Trexler et al. (1996), however, suggest a “cautiously optimistic view 
of the hydrocarbon potential” for the NTS and surrounding area based on the occurrence of 
thrust plates that provide potential reservoir space and a favorable thermal history. Studies in 
southern Nye County and the NTS do not indicate the presence of coal, tar sand, or oil shale 
(Gustafson et al., 1993). 

Groundwater under the NTS is generally acceptable for drinking water and industrial and 
agricultural uses (Chapman, 1994). Industrial and agricultural uses currently are precluded 
because of land use and institutional controls over the NTS into the foreseeable future. Human 
consumption of water has the greatest probability for impacting the RWMS. Such impact is 
unlikely to occur in the near term because current demand is low, the cost of extracting water 
from below Frenchman Flat is high, and water is available from other sources. 

2.12 FACILITY CHARACTERISTICS 

Information on facility characteristics (engineered features and their effectiveness) that are 
important to implementation of closure activities and the long-term performance of the disposal 
system are discussed below. Facility characteristics are discussed in detail in the PAs for the 
Area 5 RWMS (Shott et al., 1998; BN, 2006). The LLW PA evaluated the post-closure 
performance of the Area 5 RWMS assuming a closure cover of 4 m (13 ft), made of a monolith 
of native alluvium. PAs also demonstrated that the DOE O 435.1 performance objectives can be 
met with only operational covers over the waste (2.4 m [8 ft]). An ALARA [as low as reasonably 
achievable] optimization will be performed to determine the final closure cover thickness. The 
closure cover, which is the primary closure design feature, is discussed below in terms of water 
infiltration, disposal unit cover integrity, and its stability and effectiveness as a barrier against 
intrusion. 

2.12.1 Water Infiltration 

The monolayer-ET cover will reestablish the natural desert conditions that have controlled and 
eliminated recharge at the site for at least the last 10,000 years. Under natural conditions, 
rainfall on Mojave Desert valleys infiltrates at most a few meters into the ground and then is 
evapotranspired back to the atmosphere. Recharge occurs along the edges of mountain ranges 
and in drainage channels near mountain fronts. The chloride accumulation observed below the 
root zone supports the conclusion that recharge ceased in these areas at the end of the last 
pluvial period, approximately 10,000 to 15,000 years ago. A 4-m (13-ft) vegetated cover will 
effectively isolate waste from infiltrating precipitation. Transpiration by desert plants is believed 
to be essential for maintaining current water balances. The monolayer-ET cover will be 
revegatated with native plant species.  

Localized infiltration may also occur if storm run-on is captured by depressions on the site 
cover. Previous studies have shown that a 100-year flood zone occurs along the southwest 
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border of the Area 5 RWMS and that the operationally active area of the site is not located 
within the flood zone. The site is currently protected from a 25-year, 24-hour flood event by 
engineered berms, levee extensions, and flood control channels. Construction of closure covers 
above grade has also been identified as a design feature mitigating the potential for infiltration of 
run-on. Closure covers will be constructed above grade and contoured to reduce infiltration of 
storm water runoff. 

2.12.2 Disposal Unit Cover Integrity 

The integrity of operational covers at the Area 5 RWMS will be monitored and maintained during 
the operational period. The monitoring program documents and repairs all subsided areas. 

After the period of active institutional control, closure cover integrity will be affected by plant 
rooting, animal burrowing, erosion, and subsidence. The assumed effect of plant rooting and 
animal burrowing is to increase the porosity of surface soils. Previous calculations indicate that 
erosion over 1,000 years should be negligible (Shott et al., 1998; DOE, 1998) and that the 
Area 5 RWMS is in an area of accumulating sediments. Subsidence occurring after institutional 
control is assumed to cause the formation of local depressions in the closure cover. Cracks 
caused by subsidence are expected to be infilled naturally by intergranular movement of 
unconsolidated alluvial soils used for the final closure cover. 

2.12.3 Structural Stability 

Wastes disposed at the Area 5 RWMS are expected to subside over time. Voids within waste 
containers, uncompacted waste, voids between waste containers, and decomposition of organic 
material are all expected to contribute to the subsidence potential. A previous analysis of 
subsidence concluded that maximum settlement at the Area 5 RWMS could range from 1.8 to 
5.5 m (5.9 to 18 ft) (DOE, 1998). Wooden boxes and steel drums are expected to be 75 percent 
degraded by the end of the 100-year period of site maintenance. Steel boxes have the longest 
expected lifetime, being only 20 percent degraded at 100 years.  

Most subsidence is expected to occur and be repaired during active site maintenance. The 
monolayer-ET cover includes no engineered or layered features that will be disrupted by 
subsidence. Subsidence occurring after active institutional control is expected to have a minimal 
impact on site performance. A 4-m (13-ft) thick cover should remain above grade with the 
limited subsidence expected after institutional control. Cracks formed by subsidence should be 
filled by the intergranular movement of unconsolidated alluvium used in cover construction. 

2.12.4 Inadvertent Intruder Barrier 

Current NNSA/NSO land-use plans are to limit access to the NTS in perpetuity. Construction 
and drilling within the Area 5 RWMS will be permanently restricted. In the event that institutional 
controls become ineffective, site conditions are expected to continue to deter intrusion. Site 
conditions making inadvertent human intrusion (IHI) unlikely include physical evidence of 
underground nuclear testing, lack of attractive resources, and the great depth to groundwater. 

A Bayesian analysis using the opinions of subject matter experts (SMEs) has been used to 
estimate the probability of intrusion at the Area 5 RWMS (BN, 2001). Two types of intrusion 
events were evaluated: drilling for groundwater, and excavation of a basement, septic tank, or 
swimming pool during construction of a residence on the site. The probability of a borehole or a 
construction excavation penetrating a waste disposal unit is documented in the GoldSim® 
model. 
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The SMEs also considered the effectiveness of intruder barriers including placards, markers, 
surface barriers, and subsurface barriers. The SMEs concluded that cost-effective intruder 
barriers were not available. The SMEs believed that placards and markers would not be 
understood for 1,000 years and effective physical barriers would be too costly to install.  

The closure cover design does not include intruder barriers because active institutional control 
is planned in perpetuity, site characteristics render intrusion a low probability event, and barriers 
are unlikely to be cost-effective. The TRU waste disposed in GCD boreholes before 
September 26, 1988, is regulated under 40 CFR 191, which has regulatory requirements for the 
use of natural and engineered barriers. The closure program will evaluate what barriers are 
required and necessary for TRU wastes.  

2.13 WASTE CHARACTERISTICS 

Radiological waste from the DOE Complex is accepted at the NTS for disposal. Discussion 
below describes the containers, any treatment or processing prior to disposal, and the inventory 
of wastes. 

2.13.1 Waste Containers 

Containers disposed at the Area 5 RWMS are categorized as boxes, drums, or nonstandard. 
Cardboard, octagonal “tri-wall” boxes were commonly used prior to the mid-1980s. These 
cardboard boxes were 0.6 or 1.2 m (2 or 4 ft) high and banded to wooden pallets with steel 
strapping. Waste was contained in plastic bags inside the cardboard boxes. These boxes were 
stacked as close to each other as the underlying pallet allowed and were susceptible to 
crushing if stacked too high. Plywood boxes came into wide use thereafter and range in size 
from 0.6 m (2 ft) high, 1.2 m (4 ft) wide, and 2.1 m (7 ft) long to 1.2 m (4 ft) high, 1.2 m (4 ft) 
wide, and 2.1 m (7 ft) long. Runners are typically attached to the bottom of the box to facilitate 
handling with a forklift. Steel boxes became popular in the 1990s. These boxes have standard 
sizes similar to those of plywood boxes. Steel runners or slots for handling with a forklift are 
typically part of the box design. Both the cardboard and steel boxes are stacked as close to 
each other as practicable; typically, several inches separate adjacent boxes. 

Steel drums in various sizes have been used for disposal at the Area 5 RWMS. Standard 
209-liter (L) (55-gallon [gal]) drums and 315-L (83-gal) overpack drums are common; less 
commonly used are six-drum overpack containers. Drums are stacked vertically on pallets in 
Pit P09U. Containers other than standard-sized boxes and drums are nonstandard. Many 
nonstandard containers have been disposed and include unusual shapes or nonstandard-sized 
boxes or drums. Nonstandard containers are typically stacked to make best use of available pit 
volume. Figure 2-11 and Figure 2-12 show P01U1 and P02U in operational status, respectively. 
Waste containers and stacking geometries shown are representative of historic practices.  
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Figure 2-11. P01U in operational status. 
 

 

Figure 2-12. P02U in operational status. 

2.13.2 Treatment or Processing Prior to Disposal 

Treatment or processing of waste is conducted by the waste generator prior to shipment to the 
RWMS for disposal. Generators desiring to ship waste to the NTS must have their waste 
certification program and waste stream(s) approved by NNSA/NSO. A waste stream is 
described on a waste profile. In addition to a description of the waste, a waste profile includes a 
description of the waste generation processes and an estimate of the low and high activity 
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concentration of significant radionuclides. Approval to ship is granted on a waste-stream-
specific basis once a generator’s certification program has been approved. Waste shipped to 
the NTS for disposal must meet the requirements of the Nevada Test Site Waste Acceptance 
Criteria (NTSWAC) (DOE, 2008). Information on characterization of radiological waste is 
reported to the site operator, generally electronically, for entry into the site inventory at the time 
of shipment. 

2.13.3 Waste Inventory 

Waste inventories for the radionuclides and hazardous materials are provided below. 

Waste inventory has been well established through numerous historical studies conducted to 
support the compliance assessments of the facility under DOE O 435.1, and closure and 
monitoring activities. Uncertainty of the inventory was addressed by utilizing bounding estimates 
in the original PA, and treated probabilistically in the second addendum to the PA. As the 
sensitivity analyses performed in the PAs show, the inventory is insensitive as far as the long-
term performance of the facility is concerned because of limited releases of waste from the 
waste zones in the disposal cells to the atmosphere above the disposal cells. The sections 
below discuss historical disposal practices and provide information regarding data archives and 
data warehousing efforts. They also describe the GoldSim® inventory model developed for the 
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To document and improve the accuracy of the historic waste inventory for 1961 through 1978 
and make the scattered information more usable, several historic tracking systems, including 
paper records and previously scanned records, were reviewed and cross-checked. The waste 
disposal data were incorporated into one searchable spreadsheet. Chemical hazards were not 
routinely profiled before landfill regulations and RCRA were implemented; therefore, the 
presence of hazardous constituents and suspected hazardous constituents, and consequently 
the classification of some waste in these trenches as being potential mixed waste, was inferred 
from general waste descriptions, historic photographs, and other sources. The early RWM 
System database covering waste disposal from the mid-1970s through 1992 was also checked 
and cross-checked with other documentation to attempt to verify the locations, volumes, and 
characteristics of the wastes disposed. 

Table 2-4 provides information on waste and material buried at the Area 5 RWMS from 1961 
through December 2004. These data are from three sources: scanned paper records, the RWM 
System database, and the LWIS database, with slightly overlapping periods of record. The 
waste tracking systems have no data regarding classified material deposited at some of the 
classified disposal cells and very limited data at other classified disposal cells. 

Table 2-4. Waste Status of the 92-Acre Area Units. 

Disposal 
Unit 

First 
Record 

Last 
Record 

Recorded 
Volume 

(ft3)† Curies 
Operational 

Status Contents 

P01U 20-Sep-78 25-Apr-85 1.6E+06 2.6E+06 
Operationally 
Closed 

LLW, lead, lead 
shielding, barium 
source, organic 
solvents 

P02U 18-Dec-84 19-Nov-95 8.9E+05 2.0E+05 
Operationally 
Closed 

LLW, lead, lead 
shielding, barium 
source, organic 
solvents 

P03U 18-Sep-85 17-Jul-08 1.5E+06 1.4E+05 Active 
MW (RCRA 
permitted) 

P04U 14-Jun-88 25-Oct-95 2.5E+06 1.2E+05 
Operationally 
Closed LLW 

P05U 
15-May-

95 27-Sep-07 2.2E+06 2.2E+06 
Operationally 
Closed LLW 

P06U/P0
6UA 3-Dec-04 7-Feb-08 5.0E+05 4.0E+02 Active Asbestiform LLW 

P07U 15-Sep-97 10-Feb-03 1.8E+05 6.6E+01 
Operationally 
Closed Asbestiform LLW 

P09U 10-Dec-03 9-Oct-07 2.7E+05 2.9E+04 Active LLW 

P11U 27-Jan-04 5-Apr-05 1.2E+05 2.9E+04 
Operationally 
Closed LLW 

T01U 7-Jan-61 29-Jun-65 2.9E+04 8.9E+00 
Operationally 
Closed 

LLW, lead bricks, 
lead shielding, 
cadmium, 
chromium, mercury, 
organic solvents 
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Disposal 
Unit 

First 
Record 

Last 
Record 

Recorded 
Volume 

(ft3)† Curies 
Operational 

Status Contents 

T02U 5-Jul-72 5-May-78 3.5E+04 2.8E+00 
Operationally 
Closed 

LLW, organic 
solvents, lead 

T03U 2-Mar-92 10-Sep-92 2.4E+04 2.1E+00 
Operationally 
Closed LLW 

T04U 25-Feb-70 29-Nov-77 5.1E+04 3.3E+06 
Operationally 
Closed 

LLW, organic 
solvents, lead 
shielding, mercury 

T06U 1-Jul-65 
25-May-

70 1.7E+05 1.3E+04 
Operationally 
Closed 

LLW, laboratory 
waste containing 
lead, cadmium and 
mercury, organic 
solvents, lead 
bricks 

T07U 
16-May-

78 22-Sep-78 1.1E+05 5.3E+05 
Operationally 
Closed LLW 

T01C 10-Oct-65 
19-May-

76 1.8E+04 2.1E+03 
Operationally 
Closed LLW, lead 

T02C 7-Nov-88 22-Jul-93 6.0E+04 1.4E+02 
Operationally 
Closed LLW 

T03C 26-Aug-69 10-Dec-76 2.5E+04 2.0E+03 
Operationally 
Closed 

LLW, organic 
solvents, chromium, 
lead 

T04C/T0
4C-1 12-Dec-85 3-Aug-95 6.4E+04 1.7E+03 

Operationally 
Closed 

LLW, TRU (2.6 
pounds TRU 
inadvertently 
disposed in T04C in 
1986) 

T05C/T0
6C 31-Jan-74 31-Jan-74 2.0E+03 0.0E+00 

Operationally 
Closed 

LLW, organic 
solvents 

T07C/T0
8C 

14-May-
01 23-Apr-03 6.6E+05 2.5E+03 

Operationally 
Closed LLW 

T09C 3-Aug-95 31-Oct-02 4.4E+04 7.1E+04 
Operationally 
Closed LLW 

Unknown 30-Jun-70 15-Nov-90 1.8E+06 2.7E+05 - - 

Total 7-Jan-61 
18-Dec-

07 1.4E+07 9.5E+06   
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Disposal 
Unit 

First 
Record 

Last 
Record 

Recorded 
Volume 

(ft3)† Curies 
Operational 

Status Contents 

GCDT 15-Dec-83 6-Mar-84 5.8E+02§ 5.3E+05 
Operationally 
Closed LLW 

GCD-
01C 1984 1984 1.4E+03§ 1.8E+02 

Operationally 
Closed 

TRU, lithium 
deuteride (may 
contain melted high 
explosives, lead, 
mercury) 

GCD-
02C 1984 1984 9.8E+02§ 1.0E+03 

Operationally 
Closed 

TRU (may contain 
melted high 
explosives, lead, 
mercury) 

GCD-
03C 1984 1984 1.9E+02§ 

1.1E+02 
 

Operationally 
Closed 

TRU (may contain 
melted high 
explosives, lead, 
mercury) 

GCD-
04C 19-Jul-85 14-Jan-87 1.3E+03† 6.8E+00 

Operationally 
Closed 

LLW, TRU, lithium 
hydride 

GCD-
05U 26-Jun-85 9-Apr-87 3.2E+03† 2.1E+06 

Operationally 
Closed LLW 

GCD-
06U 16-Jul-86 20-Feb-87 2.4E+02† 6.5E+03 

Closed to 
waste, not 
yet backfilled LLW 

GCD-
07C 7-Jul-89 7-Jul-89 3.8E+02† 1.9E+00 

Closed to 
waste, not 
yet backfilled LLW 

GCD-
10U 11-Dec-87 27-Oct-89 2.0E+03† 6.0E+05 

Operationally 
Closed LLW 

GCD 
Total 23-Feb-83 27-Oct-89 1.0E+04 

 
3.2E+06 

 
 

 
2.13.3.1 Hazardous Waste Inventory 

The hazardous waste inventory has been compiled from the best available records for all units 
that contain hazardous materials. The Pit P03U MWDU and the Asbestiform Unit are permitted 
units with well-kept records. Waste in the CAU 111 units and the GCD boreholes contain 
hazardous materials of uncertain quantities. Estimates of hazardous components in these two 
units are discussed below. 

CAU 111 Disposal Units 

The CAU 111 disposal units were in operation prior to the implementation of a detailed 
recordkeeping system. Table 2-5 presents the Sugar Bunker Dump designations, if applicable. 
Waste was typically disposed in bulk form or containerized in plastic bags, steel drums, and 
cardboard, plywood, or steel boxes. Waste stream descriptions are limited. Typical waste 
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stream descriptions include laundry wastes, laboratory wastes, scrap metal, contaminated soil, 
personal protective equipment, and samples.  

Material shipped to classified units was typically described only as “classified waste.” Other 
waste streams include farm wastes from the historic EPA Farm operations, which may have 
included animal wastes. Many records do not indicate the exact location where the waste was 
disposed. Analytical waste profiling focused primarily on radioactivity but typically only stated a 
total curie estimate without identifying specific radionuclides. From process knowledge and 
general waste descriptions, it can be inferred that some wastes contain hazardous constituents. 
Approximately 40 percent of available records indicate hazardous constituents may be present; 
however, the amount of hazardous constituents present in these wastes is unknown. 

 

Table 2-5. CAU 111 Cell Designations. 

Current Designation Sugar Bunker Designation 

P01U none 
P02U none 
T01U Pit No.1 
T02U UF 
T04U UD 
T06U UA 
T01C CA 
T03C CC 
T05C N-HA 
T06C S-HA 

 

Past laboratory operations at the NTS have typically included the use of organic solvents. Waste 
streams denoting laboratory wastes are therefore assumed to contain an unknown amount of 
organic solvent. Solvents may include those typically found in laboratories (e.g., toluene, acetone, 
trichloroethylene, benzene, and carbon tetrachloride). Lead shielding, loose lead, and lead bricks 
have also been noted in disposal records. Lead shielding is assumed to be present from any 
record denoting the disposal of radioactive sources.  

Table 2-6 presents the known or suspected hazardous constituents present in each CAU 111 
disposal unit. Constituents consist primarily of organic solvents and lead. A closure radionuclide 
inventory was developed based on historic characterization data, assumptions regarding the 
isotopic composition of uncharacterized waste streams, and estimated waste volumes as 
described in the PA (BN, 2006). The approach is consistent with the methods used to estimate 
the pre-1998 inventory and accounts for 100 percent of the estimated waste volumes.  
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Table 2-6. CAU 111 Hazardous Waste Constituents. 

Disposal Unit Known or Suspected Hazardous Constituents 

P01U lead, lead shielding, a barium source, organic solvents 

P02U lead, lead shielding, a barium source, organic solvents 

T01U lead bricks, lead shielding, cadmium, chromium, mercury, 
organic solvents 

T02U organic solvents, lead 

T04U organic solvents, lead shielding, mercury 

T06U laboratory wastes containing lead, cadmium and mercury, 
organic solvents, lead bricks 

T01C lead 

T03C organic solvents, chromium, lead 

T05C organic solvents 

T06C organic solvents 

GCD Boreholes 

Known hazardous waste in the GCD boreholes includes an estimated 60.5 kilograms of lithium 
hydride in borehole 4 and 45.0 kilograms of lithium deuteride in borehole 1 (Chu and Bernard, 
1991). These exhibit the hazardous characteristic of reactivity. Some of the classified nuclear 
weapons accident residue (NWAR) waste in boreholes 1, 2, and 3 may contain melted high 
explosives in the waste matrix. Lead and mercury are also believed to be present in the NWAR 
waste matrix, which exhibit characteristics of toxicity. 

2.13.3.2 Inventory Model 

The first attempt to compile the radionuclide inventory in the Area 5 RWMS disposal cells 
occurred in the early 1990s to support the development of the Area 5 RWMS PA and CA 
documents (Shott et al., 1998; BN, 2000). The second major review and revision to the 
inventory estimates occurred in 2004 during the preparation of the addendum to the Area 5 PA 
(BN, 2006).  

To support the addendum, an inventory model was developed using GoldSim® software. The 
model includes all historic records and accounts for uncertainty of the inventories and volumes 
of the disposed waste. The Area 5 Inventory Model (currently at version v2.014) estimates the 
inventory of radionuclides disposed in various virtual disposal units at the RWMS.  

The model is implemented in the probabilistic GoldSim® modeling platform, allowing estimation 
of inventory uncertainty by Monte Carlo simulation. Inventory radioactive decay and ingrowth 
during the operational period are also handled by native GoldSim® routines for solution of the 
Bateman equations. Model input data, data sources, assumptions, and methods are 
documented in notes, comments, hyperlinks, and graphics included within the model. 
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Inventory records for the Area 5 RWMS are maintained in three sources: the waste 
management logbook, the Waste Management Database (WMD), and the LWIS. The waste 
management logbook is a paper record summarizing disposal at the Area 5 RWMS from 1960 
until 1978. Beginning in 1976, some disposal records were entered into the WMD, an electronic 
database in use until 1993. From 1993 until the present, the LWIS has been in use. In addition 
to the database records, original records sent by the generator, survey records, and receipt 
records are maintained in an electronic imaging system. Records of disposals regulated under 
DOE O 435.1 are maintained in the WMD and LWIS. 

The data sources have numerous limitations (Shott et al., 1998). Records before 1994 are 
especially uncertain. Known problems include: 

• Waste characterization before 1994 is not complete. Important radionuclides may not have 
been reported. In early records, radionuclides may not have been identified, and disposal is 
simply recorded as “curies.” Some records indicate mixtures of radionuclides, such as mixed 
fission products (MFPs), depleted uranium, enriched uranium, plutonium, or American 
National Standards Institute (ANSI) plutonium scrap codes (PU51, PU52, or PU57). 

• Inventory records are incomplete. Not all disposals were entered into waste management 
records. This problem occurs more commonly for older records and for classified wastes. 

• The pre-1993 relational database tables are not completely populated with data. 
Consequently, some records in different database tables cannot be linked and retrieved in 
queries. Detailed review of the database and supporting records in FY 2004 has reduced 
this problem significantly. It is estimated that there are approximately 3,300 packages that 
cannot be associated with an inventory. This represents less than 1 percent of the package 
records. 

• The pre-1993 database radionuclide quantity data is recorded by shipment rather than by 
container. If containers within a shipment were sent to different disposal units, the total 
shipment inventory would have been recorded as disposed in each unit. This may cause 
multiple counting of some inventories. 

2.13.3.3 Inventory Revisions 

The 1998 PA added the activity of a limited list of fission products based on the activity recorded 
in the database as MFPs or disposed as strontium-90 or cesium-137. The fission product 
scaling factors were estimated from a literature source of fission yields for fast neutron fission of 
plutonium-239. The current model assigns activity to individual fission products based on the 
activity of only MFP or gross activity disposed. The list of radionuclides included and their 
scaling factors are based on an estimate of the radionuclide composition of the NTS 
underground testing areas. 

The 1998 PA estimated the inventory of unreported uranium isotopes by assuming an isotopic 
mixture for each generator. The current model assumes that uranium-238 and uranium-235 
disposed before FY 1994 were depleted and enriched uranium, respectively. Enriched uranium 
is stochastically divided for each FY into low and high enrichment fractions. The level of 
enrichment in each category (i.e., depleted, low enrichment, high enrichment) is selected 
randomly for each FY. The isotopic composition of each mixture is based on a published 
empirical relationship between specific activity and enrichment for the gaseous diffusion 
process. In addition to corrections for uranium isotopes, scaling factors for fission product and 
transuranic contamination from recycled uranium are estimated from generator estimates. 
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The 1998 PA estimated the inventory of unreported radionuclides in weapons-grade plutonium 
disposed as PU52. The current model performs similar revisions, but also includes calculations 
for PU51 and PU57. The inventory of plutonium-239 disposed before FY 1994 is assumed to 
represent the activity of PU52 weapons-grade plutonium, and corrections are made for other 
transuranic radionuclides expected to be present. 

Important model inputs are set up as probability density functions (pdfs) representing 
uncertainty. Input pdfs are repeatedly sampled and propagated through the model to produce a 
distribution of model results. The model output distributions are well represented by lognormal 
distributions and are entered into the Area 5 RWMS GoldSim® model as lognormal distributions 
with the geometric mean and standard deviation of the inventory model outputs. 

The assumptions made in the inventory model include: 

• Waste disposed from October 1, 1988, through September 30, 2028, is regulated by 
DOE O 435.1. There is no official closure date for the site. The 2028 closure date is an 
arbitrary assumption based on an assumed 50-year operational period starting in 1978, 
when the Area 5 RWMS opened to offsite generators. 

• Uncertainty in disposed waste inventories is poorly known. Therefore, waste uncertainty is 
represented by what is believed to be a conservative distribution. The annual sums of 
radionuclide activity disposed after October 1, 1988, are assumed to be the median of a 
lognormal distribution. The 99th percentile of the distribution is assumed to be equal to ten 
times the median (geometric standard deviation = 2.69). 

• Waste disposed before FY 1994 is assumed to be incompletely characterized. Radionuclide 
disposal rates before FY 1994 are corrected for unreported radionuclides. Activity disposed 
as gross activity or MFP activity is scaled to estimate individual radionuclide activities by 
assuming that the mixture has the same radionuclide composition as the NTS underground 
testing areas (Bowen et al., 2001). The reported gross activity or fission product activity is 
assumed to be the activity of cesium-137, and all other fission product and activation 
product activity is scaled from cesium-137. The activity of uranium-238 and uranium-235 
disposed before FY 1994 is assumed to be the activity of depleted and enriched uranium, 
respectively. Scaling factors for other uranium isotopes are based on a published 
relationship between specific activity and enrichment of uranium for the gaseous diffusion 
process (DOE, 2001a). Scaling factors for minor contaminants in uranium are estimated 
from data provided by generators. Plutonium disposed as PU51, PU52, and PU57 are 
assigned individual radionuclide activities based on isotopic composition of standard 
plutonium scrap codes (ANSI, 1987) and typical values expected for weapons-grade 
plutonium. 

• WMDs do not include data for all disposed wastes. Some waste shipments were not 
recorded in the databases. Some database tables are not fully populated, and waste 
inventories cannot be retrieved by queries. The potential missing waste has been estimated 
by subtracting the volume of disposed waste retrieved from the databases from the physical 
volume of filled waste disposal units. The missing volume has been added to the inventory 
assuming it has the mean concentration of disposed waste. This correction is applied to pre-
1988 waste only. 

• The volume of future waste is based on estimates provided by waste generators. The 
concentration of waste in future FYs is assumed to be equal to randomly selected 
concentrations from past FYs. 
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2.13.3.4 FY 2007 Closure Inventory Estimate for the Area 5 RWMS 

The Area 5 RWMS PA GoldSim model divides the site inventory into three virtual disposal units 
based on the depth of burial. Most wastes are disposed in the shallow land burial (SLB) disposal 
unit below a 4-m (13-ft) cover. Wastes capable of producing significant radon-222 (222Rn) flux 
densities are disposed below thicker covers in two radium disposal units (RaDUs), the lower cell 
of Pit 6 (P06U) and Pit 13 (P013U). High-specific-activities wastes have been disposed in GCD 
boreholes. The inventory of the three virtual disposal units is further divided into pre-1988, 
post-1988 disposed, and future portions.  

The FY 2007 estimate of the Area 5 RWMS closure inventory was prepared using the Area 5 
Inventory v2.022 GoldSim model (NSTec, 2008a). The model sums past disposals, revisions, 
and future inventory estimates probabilistically. Stochastic distributions representing uncertainty 
in annual activity disposed are sampled each FY during operations. Radioactive decay and 
ingrowth during the operational period are explicitly included in the model. The estimated 
inventories are decayed until the assumed date of closure on September 30, 2028. 

The inventory volume and activity for the SLB are shown in Figure 2-13 and Figure 2-14. The 
SLB inventory is divided into pre-1988, post-1988, and future inventories (Table 2-7). Closure of 
the Area 3 RWMS has increased the Area 5 RWMS future SLB inventory and reduced the 
uncertainty in the future inventory. Previously, the division of future waste between the Area 3 
and Area 5 RWMSs was a source of future inventory uncertainty.  

Eleven new long-lived radionuclides were disposed in FY 2007. All of these radionuclides have 
extremely long half-lives and are listed as stable by some nuclear physics databases. Only 
radionuclides having published dose conversion factors were included in the performance 
assessment models. Eight radionuclides (98Tc, indium-115 [115In], tellurium-123 [123Te], 
lanthanum-138 [138La], neodymium-144 [144Nd], samarium-146 [146Sm], 147Sm, and 148Sm) met 
this criterion. Through FY 2007, these radionuclides have been disposed in insignificant trace 
quantities. The new radionuclides are tracked in the A5 RWMS Inventory model, but are not 
implemented in the PA model. 

Table 2-7. FY 2007 Estimate of the Area 5 RWMS SLB Inventory. 

Nuclide 

Pre-1988 SLB Post-1988 SLB Future SLB 

Geometric 
Mean (Bq) 

Geometric 
Standard 
Deviation 

Geometric 
Mean (Bq) 

Geometric 
Standard 
Deviation 

Geometric 
Mean (Bq) 

Geometric 
Standard 
Deviation 

H-3 3.0E+16 1.58 3.2E+16 1.57 3.7E+16 1.89 

C-14 2.5E+11 1.59 7.4E+11 1.93 2.0E+11 2.45 

Al-26 8.0E+06 1.66 3.7E+04 2.38 Negligible  

Cl-36 4.5E+10 1.66 2.2E+08 2.16 5.5E+06 2.77 

Ar-39 2.0E+11 1.67 9.8E+08 2.25 0.0E+00 1.01 

K-40 1.2E+10 1.60 1.3E+10 1.62 4.2E+09 1.98 

Ca-41 3.2E+11 1.66 1.5E+09 2.25 1.2E+05 217 

Co-60 2.1E+12 2.22 1.9E+14 2.02 1.3E+14 2.45 

Ni-59 8.5E+09 1.64 8.8E+11 1.94 2.4E+11 2.71 

Ni-63 6.4E+11 1.66 6.6E+13 2.00 1.6E+13 2.62 
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Nuclide 

Pre-1988 SLB Post-1988 SLB Future SLB 

Geometric 
Mean (Bq) 

Geometric 
Standard 
Deviation 

Geometric 
Mean (Bq) 

Geometric 
Standard 
Deviation 

Geometric 
Mean (Bq) 

Geometric 
Standard 
Deviation 

Se-79 Negligible  2.6E+12 2.19 2.2E+10 1867 

Kr-85 4.4E+11 2.25 4.8E+09 1.76 1.4E+09 2.44 

Sr-90 1.6E+15 3.55 1.9E+15 2.17 6.3E+14 3.22 

Zr-93 1.1E+09 1.61 5.1E+07 1.90 3.6E+06 16.0 

Nb-93m 1.1E+11 1.66 1.0E+09 2.26 5.4E+06 4.30 

Nb-94 2.7E+11 1.68 1.9E+11 2.17 6.2E+10 3.48 

Tc-99 1.1E+13 2.29 3.0E+14 1.93 6.1E+13 2.31 

Pd-107 4.9E+07 1.60 5.8E+05 1.75 3.1E+04 10.4 

Ag-108m 0.0E+00 1.01 6.6E+06 1.96 1.4E+06 2.39 

Cd-113m 8.9E+10 1.66 9.0E+08 2.28 1.8E+06 33.9 

Sn-121m 2.4E+12 1.66 1.4E+10 2.22 7.6E+04 11.9 

Sn-126 4.7E+08 1.60 2.7E+10 2.17 1.2E+09 51.9 

I-129 3.5E+07 1.60 2.0E+09 1.61 4.3E+08 2.02 

Ba-133 1.7E+08 2.64 1.2E+09 1.93 2.8E+09 2.93 

Cs-135 8.6E+08 1.60 2.3E+07 1.86 1.5E+06 14.3 

Cs-137 3.6E+15 2.95 7.2E+14 2.28 1.9E+14 2.67 

Pm-145 Negligible  8.0E+04 2.15 1.6E+04 47.0 

Pm-146 Negligible  1.1E+05 1.79 5.1E+04 4.19 

Sm-146 Negligible  4.8E-02 1.64 4.4E-03 7.72 

Sm-151 1.0E+12 1.60 1.4E+10 1.75 2.0E+09 2.55 

Eu-150 3.6E+11 1.74 2.1E+09 2.59 Negligible  

Eu-152 2.5E+12 2.10 4.8E+13 1.96 1.5E+13 2.61 

Eu-154 2.9E+11 1.92 3.6E+13 1.97 1.3E+13 2.37 

Gd-148 Negligible  1.5E+04 1.73 4.8E+03 2.95 

Gd-152 1.5E+00 2.17 3.8E+00 1.96 4.8E-01 3.36 

Ho-166m 1.1E+10 1.65 5.0E+07 2.27 Negligible  

Bi-207 5.7E+05 2.92 1.2E+07 1.98 2.5E+06 2.61 

Pb-210 1.1E+12 2.51 4.8E+10 1.51 2.9E+10 1.74 

Ra-226 1.4E+12 2.52 6.3E+10 1.55 3.9E+10 1.84 

Ra-228 4.5E+10 2.00 5.4E+11 1.51 2.7E+11 1.91 

Ac-227 1.1E+10 1.59 3.4E+09 1.37 8.7E+08 1.48 

Th-228 5.9E+10 1.74 7.3E+11 1.44 3.0E+11 1.76 

Th-229 1.6E+08 1.82 1.1E+09 1.71 1.7E+08 1.79 

Th-230 4.0E+10 1.51 2.4E+11 1.69 1.8E+11 2.19 
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Nuclide 

Pre-1988 SLB Post-1988 SLB Future SLB 

Geometric 
Mean (Bq) 

Geometric 
Standard 
Deviation 

Geometric 
Mean (Bq) 

Geometric 
Standard 
Deviation 

Geometric 
Mean (Bq) 

Geometric 
Standard 
Deviation 

Th-232 4.5E+10 2.00 5.6E+11 1.51 3.3E+11 1.91 

Pa-231 7.1E+09 1.51 5.0E+09 1.42 1.1E+09 1.48 

U-232 1.1E+10 1.64 1.6E+11 1.87 3.5E+10 2.00 

U-233 3.4E+10 1.89 3.7E+11 1.82 8.9E+10 1.93 

U-234 8.1E+13 1.66 8.4E+13 1.42 2.5E+13 1.51 

U-235 3.3E+12 1.68 3.7E+12 1.38 1.3E+12 1.36 

U-236 1.2E+12 2.51 2.5E+12 1.52 4.9E+11 1.89 

U-238 8.8E+13 1.86 1.4E+14 1.42 5.7E+13 1.46 

Np-237 2.1E+11 1.69 1.1E+11 1.66 2.5E+10 2.28 

Pu-238 6.1E+12 1.61 5.5E+12 1.57 2.0E+12 1.74 

Pu-239 1.3E+13 1.64 1.0E+13 1.61 3.0E+12 1.80 

Pu-240 2.9E+12 1.58 4.5E+12 1.78 1.3E+12 2.25 

Pu-241 3.4E+12 1.62 2.6E+13 1.98 1.2E+13 2.28 

Pu-242 6.4E+08 1.50 4.7E+11 2.20 2.1E+11 3.36 

Pu-244 4.9E+09 3.76 4.6E+04 2.13 2.3E+03 19.4 

Am-241 3.9E+12 1.50 6.4E+12 1.66 1.8E+12 1.94 

Am-242m Negligible  1.5E+09 1.76 3.6E+08 2.19 

Am-243 4.3E+08 2.15 2.9E+10 2.22 8.4E+09 3.11 

Cm-243 5.6E+09 2.14 3.0E+08 1.85 9.6E+07 2.56 

Cm-244 7.4E+10 2.78 4.4E+11 1.91 1.3E+11 2.06 

Cm-245 1.4E+05 2.73 3.7E+11 2.06 1.1E+11 3.41 

Cm-246 8.3E+04 2.50 6.5E+10 2.21 2.0E+10 2.96 

Cm-247 Negligible  1.1E+03 2.01 8.2E+01 16.1 

Cm-248 8.1E+04 2.59 2.7E+05 2.22 1.9E+04 11.9 

Cf-249 Negligible  4.8E+07 1.94 1.2E+07 2.42 

Cf-250 2.6E+05 2.14 1.2E+05 2.23 6.6E+03 27.4 

Cf-251 Negligible  7.4E+07 2.06 5.9E+06 16.1 

Total 3.6E+16  3.6E+16  3.8E+16  
Negligible – No disposals recorded, inventory assumed to be negligible 
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Figure 2-13. Volume Disposed per Year and Median of Cumulative Volume for the Area 5 RWMS 
Shallow Land Burial Disposal Units. 
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Figure 2-14. Activity Disposal Rate and Median Inventory for the Area 5 RWMS Shallow Disposal 
Units. 
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RaDU Inventory 

The lower cell of Pit 6 (P06U) and Pit 13 (P013U) were excavated to greater depth to contain 
thorium wastes that have the potential to generate 222Rn in the future as radium-226 (226Ra) is 
produced by the decay of 230Th. The inventory of both disposal units is predominately 
thorium-232 (232Th). The lower cell of Pit P06U was operational from FY 1992 until FY 2002. 
The Pit 6 inventory remains unchanged from previous years. Pit P013U began operations in FY 
2004 with disposal of the Defense National Stockpile Center thorium nitrate waste stream. The 
entire thorium nitrate waste stream was disposed in FY 2004 and 2005. Pit P013U remains 
open for disposal of additional radium-bearing waste streams and other low-level wastes. The 
inventory of wastes disposed in Pit P06U and Pit P013U through FY 2007 are summarized in 
Table 2-8. 

 
Table 2-8. 2007 Estimate of the Area 5 RWMS RaDU Inventory Disposed. 

Nuclide 

P06U P013U 

Geometric Mean 
(Bq) 

Geometric 
Standard Deviation 

Geometric Mean 
(Bq) 

Geometric Standard 
Deviation 

H-3 Negligible  1.6E+12 2.12 

C-14 Negligible  1.9E+09 2.15 

Co-60 Negligible  1.1E+09 2.15 

Ni-63 Negligible  1.3E+10 2.27 

Sr-90 1.8E+07 2.64 2.5E+10 1.85 

Tc-99 1.1E+09 2.74 2.5E+10 1.83 

Sn-126 Negligible  1.5E+07 2.22 

Cs-137 Negligible  3.1E+11 2.22 

Eu-152 Negligible  7.3E+10 2.26 

Eu-154 Negligible  1.6E+07 2.19 

Gd-152 Negligible  5.0E-03 2.26 

Pb-210 6.9E+09 1.67 7.3E+10 1.53 

Ra-226 2.0E+10 1.68 1.5E+11 1.52 

Ra-228 6.0E+12 1.57 5.5E+12 1.05 

Ac-227 2.4E+06 1.89 9.0E+08 2.05 

Th-228 5.9E+12 1.57 5.4E+12 1.05 

Th-229 5.1E+09 2.21 3.2E+02 1.75 

Th-230 1.5E+12 1.69 2.0E+12 2.16 

Th-232 6.1E+12 1.58 5.9E+12 1.05 

Pa-231 6.4E+06 1.89 1.8E+09 2.02 

U-232 Negligible  1.9E+08 2.25 

U-233 1.9E+12 2.21 3.0E+05 1.74 

U-234 1.8E+11 1.88 8.9E+11 2.15 
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Nuclide 

P06U P013U 

Geometric Mean 
(Bq) 

Geometric 
Standard Deviation 

Geometric Mean 
(Bq) 

Geometric Standard 
Deviation 

U-235 9.4E+09 1.89 1.3E+11 2.09 

U-236 1.9E+08 2.09 9.4E+09 2.13 

U-238 2.1E+11 1.85 5.0E+12 2.18 

Np-237 7.9E+05 2.74 3.0E+09 1.74 

Pu-238 1.3E+10 1.91 1.3E+09 1.85 

Pu-239 3.3E+06 2.23 1.1E+10 1.84 

Pu-240 Negligible  9.0E+08 1.95 

Pu-241 1.1E+10 2.19 1.2E+10 1.79 

Pu-242 Negligible  4.9E+06 2.13 

Am-241 1.0E+09 2.19 5.9E+09 1.93 

Am-243 Negligible  2.9E+07 2.11 

Cm-243 Negligible  4.2E+06 2.30 

Cm-244 Negligible  3.3E+10 2.23 

Cm-245 Negligible  9.3E+06 2.20 

Cm-246 Negligible  1.6E+06 2.25 

Total 2.2E+13  2.7E+13  
Negligible – No disposal recorded, inventory assumed to be negligible 

GCD Inventories 

The GCD boreholes have received high specific activity wastes, including TRU waste regulated 
under 40 CFR Part 191. The GCD boreholes were active from FY 1984 through FY 1991. The 
PA divides the GCD inventory into pre- and post-1988 portions. The majority of the waste on an 
activity and volume basis was disposed in the pre-1988 period. The GCD inventories are 
unchanged from previous years (Table 2-9). 

Table 2-9. 2007 Estimate of the Area 5 RWMS GCD Borehole Inventory. 

Nuclide 

Pre-1988 GCD Post-1988 GCD 

Geometric Mean 
(Bq) 

Geometric 
Standard Deviation

Geometric Mean 
(Bq) 

Geometric Standard 
Deviation 

H-3 2.0E+16 2.04 1.9E+14 2.25 

C-14 7.0E+04 2.56 Negligible  

Al-26 2.6E+00 2.64 Negligible  

Cl-36 1.5E+04 2.58 Negligible  

Ar-39 7.0E+04 2.58 Negligible  

K-40 3.9E+03 2.45 Negligible  
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Nuclide 

Pre-1988 GCD Post-1988 GCD 

Geometric Mean 
(Bq) 

Geometric 
Standard Deviation

Geometric Mean 
(Bq) 

Geometric Standard 
Deviation 

Ca-41 1.1E+05 2.56 Negligible  

Co-60 8.6E+11 2.20 Negligible  

Ni-59 2.7E+03 2.53 Negligible  

Ni-63 2.3E+05 2.60 Negligible  

Kr-85 6.1E+04 2.46 Negligible  

Sr-90 4.8E+15 3.75 1.1E+08 3.83 

Zr-93 3.7E+02 2.46 Negligible  

Nb-93m 6.3E+04 2.57 Negligible  

Nb-94 8.6E+04 2.59 Negligible  

Tc-99 7.4E+09 3.06 6.8E+09 3.75 

Pd-107 1.6E+01 2.46 Negligible  

Cd-113m 5.7E+04 2.63 Negligible  

Sn-121m 9.9E+05 2.58 Negligible  

Sn-126 1.6E+02 2.46 Negligible  

I-129 8.5E+00 2.46 Negligible  

Cs-135 2.9E+02 2.45 Negligible  

Cs-137 2.6E+14 3.51 Negligible  

Sm-151 3.7E+05 2.46 Negligible  

Eu-150 1.5E+05 2.92 Negligible  

Eu-152 4.4E+05 2.52 Negligible  

Eu-154 9.1E+04 2.52 Negligible  

Gd-152 1.1E-07 2.51 Negligible  

Ho-166m 3.5E+03 2.65 Negligible  

Pb-210 2.3E+12 3.68 4.1E+04 2.20 

Ra-226 3.1E+12 3.68 1.3E+05 2.20 

Ra-228 1.0E+09 2.85 3.4E-08 3.66 

Ac-227 7.2E+10 3.75 5.8E+05 2.27 

Th-228 1.0E+09 2.85 2.9E-08 3.65 

Th-229 7.9E+01 1.69 5.1E+01 2.16 

Th-230 5.3E+07 2.85 1.6E+07 2.20 

Th-232 1.0E+09 2.85 5.0E-08 3.66 

Pa-231 4.5E+06 2.81 1.4E+06 2.27 
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Nuclide 

Pre-1988 GCD Post-1988 GCD 

Geometric Mean 
(Bq) 

Geometric 
Standard Deviation

Geometric Mean 
(Bq) 

Geometric Standard 
Deviation 

U-232 4.2E+03 2.55 Negligible  

U-233 3.8E+04 1.70 2.7E+04 2.16 

U-234 1.3E+11 2.83 4.3E+10 2.20 

U-235 4.9E+09 2.79 1.6E+09 2.28 

U-236 3.4E+08 3.60 5.2E+01 3.66 

U-238 3.7E+10 2.31 7.8E+10 2.16 

Np-237 2.3E+08 1.73 1.6E+08 2.16 

Pu-238 3.0E+11 2.75 3.7E+06 3.69 

Pu-239 1.5E+13 2.81 2.1E+08 3.69 

Pu-240 3.7E+12 2.74 4.4E+07 3.66 

Pu-241 4.2E+12 3.01 6.1E+07 3.91 

Pu-242 3.6E+08 2.75 Negligible  

Am-241 5.9E+12 2.13 3.9E+07 3.69 

Am-243 3.4E+01 2.47 Negligible  

Cm-244 7.5E+03 2.48 Negligible  

Total 2.5E+16  1.9E+14  
Negligible – No disposal recorded, inventory assumed to be negligible 
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3.0 TECHNICAL APPROACH TO CLOSURE 

This section describes the specific activities that will be conducted to close the facility to meet 
the requirements of DOE O 435.1 and DOE M 435.1-1 and other applicable requirements. 
Section 3.1 describes the approach that will be taken to meet each of the performance 
objectives contained in DOE M 435.1-1 and 40 CFR 191. Section 3.2 describes the specific 
activities that will be conducted during each phase of closure. Finally, Section 3.3 describes the 
monitoring activities that will be conducted during each phase of closure.  

3.1 COMPLIANCE WITH DOE O 435.1 PERFORMANCE OBJECTIVES AND OTHER 
REQUIREMENTS 

3.1.1 All-Pathways Dose 

The Area 5 RWMS PA was approved with conditions by DOE in August 1996 (Shott et al., 
1998). The DAS conditions were removed in May 2002 with acceptance of an addendum to the 
PA (BN, 2001). Under the PA maintenance program, disposal site operations, waste 
inventories, research and development results, and environmental monitoring results are 
reviewed annually, and the adequacy of the PA is evaluated. The 2004 annual review 
concluded that significant changes have occurred since preparation of the Area 5 RWMS PA, 
and consequently, a second addendum was prepared and accepted without conditions in 2006 
(BN, 2006). 

The latest update of the Area 5 RWMS closure inventory was done in 2008 using the Area 5 
RWMS v4.004 GoldSim® model to assess the continuing validity of PA conclusions. The 
disposal unit area, disposal unit volume, and waste volumes were updated with FY 2007 data. 
All disposal units were assumed to be closed with a 4-m (13-ft) thick cover. The model was run 
assuming an approximately 250-year median period of active institutional control, 100-year 
period of passive institutional control, and a 1,000-year compliance period. The model was run 
in GoldSim version 9.6 with 5,000 Latin Hypercube Sampling realizations. 
 
The PA results (both mean and the 95% upper confidence limits of the mean) for the all-
pathways dose for all PA MOP scenarios were below the performance objective (Table 3-1). 
The closure cover, the thickness of which will be optimized for the final design, is the only 
designed engineered feature to minimize future maintenance and provide long-term stability. 
There are no additional closure features needed with respect to this performance objective. 
 
The conceptual model of flow and transport for the Area 5 RWMS, and the sensitivity and 
uncertainty analyses of the PA model are summarized below.  
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Table 3-1. Area 5 RWMS PA Results for the Member of Public. 
Pathway/Scenario Limit 

(mSv yr-1) 
Mean 

 (mSv yr-

1) 

95th 
Percentile 
(mSv yr-1) 

Time of 
Maximum(yr)

Air Pathway/Transient Visitor 0.1 3.3e-6 NA 100  

Air Pathway/Resident 0.1 2.7E-6 6.2E-6 1000  

Air Pathway/Resident Farmer 0.1 3.7E-6 8.5E-6 1000  

Air Pathway/Open Rangeland (Cane Spring) 0.1 1.8E-9 NA 100  

Air Pathway/Open Rangeland (NTS 
Boundary) 

0.1 2.4E-8 NA 100  

All Pathways/Transient Visitor 0.25 0.0011 0.0025 1000  

All Pathways/Resident 0.25 4.6E-5 1.1E-4 1000  

All Pathways/Resident Farmer 0.25 0.0023 0.0066 1000  

All Pathways/Open Rangeland (Cane Spring) 0.25 9.2E-4 NA 100  

All Pathways/Open Rangeland (NTS 
Boundary) 

0.25 0.0038 NA 100  

NA – not available; insufficient non-zero realizations 

3.1.1.1 Conceptual Model of Flow and Transport for the Area 5 RWMS 

The following discussion of the conceptual model is a summary from the second addendum to 
the PA (BN, 2006). Further details, including the implementation of the conceptual model in 
GoldSim® and the analyses performed to identify the sensitivities, are included in the PA.  

The 1998 PA model of unsaturated flow in the vadose zone was developed to understand liquid 
fluxes capable of transporting radionuclides. The model, based primarily on observed water 
potential and chloride profiles, hypothesized four regions of liquid flow in the vadose zone 
(Figure 3-1). Zone boundaries are approximate and may vary from location to location within 
Frenchman Flat where the Area 5 RWMS is located. In Zone I, a near-surface zone 
approximately 35 m (115 ft) thick, the water potential indicates a potential for upward liquid flux. 
Zone II, occurring from approximately 40 to 90 m (131 to 295 ft), is a static region with negligible 
liquid flux. Zone III, an intermediate region with downward liquid fluxes driven by gravity, occurs 
from approximately 90 m (295 ft) to within a few inches of the saturated zone. The final region, 
Zone IV, which is a few inches thick, is a transitional zone between the vadose zone and the 
saturated zone where water potential and flow are negligible. 

Zone I includes a dynamic region in the upper few feet of the vadose zone where the water 
potential gradient periodically reverses as precipitation infiltrates and is returned to the 
atmosphere by evapotranspiration. A strong upward potential for flow is maintained in Zone I  
by the roots of xeric desert plants. Although there is a potential for upward flow in Zone I, the 
soil is normally so dry that liquid water advection is very slow. In the very near-surface, where 
plant roots maintain low moisture contents, upward water movement occurs predominantly in 
the vapor phase (and through plant roots), and the upward advection of soluble radionuclides 
may become negligible. The boundary where upward liquid advection rates approach zero is 
referred to as the no-flux boundary (NFB) in the PA model. 

The large accumulation of chloride in Zone I below 2 m (6.6 ft) indicates that transient infiltration 
events are impeded above this depth and returned to the atmosphere by evapotranspiration.  
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Assuming a constant atmospheric chloride source and downward liquid advection, the observed 
near-surface chloride accumulation below the root zone is estimated to require from 10,000 to 
15,000 years to form, which corresponds with the end of the last pluvial period, approximately 
8,000 to 15,000 years ago (Tyler et al., 1996; Walvoord et al., 2002a). 

The chloride accumulated throughout the entire profile at pilot wells UE5PW-1 and UE5PW-3 
suggests that infiltration at these locations has not reached the water table for 95,000 to 
110,000 years (Tyler et al., 1996). The chloride profile at UE5PW-2 suggests that the sub-root 
zone chloride bulge was flushed from this profile at some time before 15,000 years ago, 
indicating that spatially variable recharge occurred during an earlier pluvial period. The chloride 
profiles in the vadose zone near the Area 5 RWMS suggest that recharge through the alluvium 
ended after the last pluvial period when the climate became drier and woodlands were replaced 
by more xeric desert shrubs. 

The 1998 PA estimated upward liquid fluxes in Zone I using a process model. The estimated 
liquid flux, 5 x 10-6 mm/yr, was so low that upward liquid advection of radionuclides was not 
included in the 1998 PA release and transport model. Diffusion of radionuclides in the liquid 
phase was considered as an alternative upward release pathway, but was assumed to be 
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3.1.1.2 Recent Deep Vadose Zone Research and Development Results 

The understanding of how matric potential and chloride profiles develop in thick desert vadose 
zones has advanced since the 1998 PA. Although conditions in thick vadose zones appear to 
be stable over long periods, the upward liquid flux in Zone I and the downward liquid flux in 
Zone III suggest that the system cannot be at steady-state. Previous interpretations of the 
observed profiles had conceptual inconsistencies. Upward flow in Zone I and downward flow in 
Zone III cannot be maintained unless there is a water source in Zone II. If the source of water in 
Zone II is transient surface infiltration, the near-surface chloride accumulation is not expected. 
The chloride accumulation suggests that recharge is not occurring. However, purely physical 
models (i.e., without plants) that assume no recharge cannot simulate the large negative matric 
potentials observed in the near-surface. 
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infiltration, evapotranspiration, and 
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mean depth of 6 ft. 

 

Zone I-Region of Slow Upward Flow: 
Region where the combination of low 
precipitation and high potential evapo-
transpiration leads to a dry zone, inducing 
upward flow of pore water in the 
unsaturated zone from as deep as about 
100 ft. Mean upward flux is 0.004 mm/yr.  

Waste zone located in region of upward 
flow. 

Zone III-Region of Slow Downward 
Flow: Region of steady downward flow 
(increased water contents allow 
downward drainage). Water in the vadose 
zone is currently recharging the water 
table most likely infiltrated during past 
pluvial climate cycles.  

 

Zone II-Static Region: Region of no 
vertical liquid (balance of matric suction 
and gravitational forces). The thickness 
and the depth below the surface of this 
region changes with the physical/textural 
properties of alluvium and in situ water 
content. 

Figure 3-1. Conceptual Unsaturated Zone Flow Model



  Closure Plan for the Area 5 RWMS 

September 2008  3-5 

Walvoord et al. (2002b) have developed and tested the Deep Arid System Hydrodynamic 
(DASH) model for thick desert vadose zones that supports the 1998 PA conceptual model and 
resolves apparent inconsistencies between the observed water gradients and chloride profiles. 
The DASH conceptual model assumes a constant, strongly negative matric potential maintained 
below the root zone by desert vegetation, a mean annual geothermal temperature gradient, and 
allows water vapor movement driven by temperature (thermal vapor flux) and matric potential 
(isothermal vapor flux). Implementing this model with the finite element heat and mass transfer 
(FEHM) model, Walvoord et al. (2002b) have shown that matric potential and chloride profiles 
similar to those observed at the Area 5 RWMS can be maintained at equilibrium. The model 
identifies water vapor driven upward from the water table by the geothermal temperature 
gradient as the probable source of water to the deep vadose zone. The water fluxes are 
extremely small, and the profiles are not currently at equilibrium. Zones II and III are most likely 
still draining infiltration that occurred during prior pluvial periods. 

Using surface boundary conditions for infiltration and root-zone matric potentials based on an 
110,000-year paleoclimate reconstruction for southern Nevada, Walvoord et al. (2002a) were 
able to simulate matric potential and chloride profiles observed at the Area 5 RWMS pilot wells, 
UE5PW-1, UE5PW-2, and UE5PW-3. Sub-root zone upward liquid fluxes were estimated to 
range from 2 x 10-5 to 1 x 10-3 mm/yr under the current climatic conditions. The hydraulic 
response time, the time required for an e-fold (1–e-1) change in matric potential from the initial to 
steady-state profile, was estimated to be 300,000 years for Frenchman Flat, again suggesting 
that the pilot well profiles are not at equilibrium, but drying very slowly. 

3.1.1.3 Recent Shallow Vadose Zone Research and Development Results 

A key assumption of the DASH model is that plants maintain a large negative matric potential in 
the root zone and extract all infiltrating water. Andraski (1997) has investigated water movement 
in the upper 4.9 m (16 ft) of the vadose zone in the Amargosa Desert. On a vegetated native 
soil plot, no evidence of water accumulation or percolation below 1 m (3.3 ft) was observed over 
a five-year period. Non-vegetated plots showed a small increase in water storage and 
percolation to depths of 1.8 m (6 ft). 

The Area 5 weighing lysimeter facility, located approximately 396 m (1,300 ft) southwest of the 
Area 5 RWMS, has been continuously recording water storage in two 2-m (6.6-ft) deep 
precision weighing lysimeters since March 1994. One lysimeter has been revegetated with 
native plants, and the other is maintained bare. No increase in water storage has been 
observed for the vegetated lysimeter. Early increases in water content for the vegetated 
lysimeter were caused by irrigation performed to establish native plants. The bare lysimeter 
shows a slowly increasing trend in water storage. Although water has never been observed to 
drain from the bottom of either lysimeter, it is likely that a small fraction of infiltrating precipitation 
will eventually drain from the bare lysimeter (BN, 2005b). 

Water content in the near-surface has also been monitored at the Area 5 RWMS since 1995. 
Water content monitoring began with neutron moisture measurements in boreholes at Pit P03U. 
Beginning in 1998, automated water content monitoring systems using time-domain 
reflectometry (TDR) were installed in the operational cover and floor of Pit P03U and Pit P05U 
in the cover of Pit P04U, and outside the Area 5 RWMS near UE5PW-1. With the installation of 
the automated TDR system, neutron moisture logging has been discontinued. 

Automated TDR moisture content monitoring in the weighing lysimeter indicates that wetting 
fronts penetrate a short distance in the vegetated lysimeter before being evaporated. Wetting 
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fronts, including some occurring during the particularly wet fall of 2004, are not observed to 
penetrate below 1.3 m (4.3 ft) in the vegetated lysimeter. Percolation to greater depths may 
occur in unvegetated areas, including operational covers at the Area 5 RWMS. Wetting fronts 
from the fall of 2004 have been observed to penetrate to a depth of 1.5 m (4.9 ft) at Pit P03U 
and Pit P04U (BN, 2005b). Monitoring systems installed below Pit P03U and Pit P05U continue 
to show constant water contents, indicating that no water has percolated through the waste. 

3.1.1.4 Current Vadose Zone Conceptual Model 

The vadose zone conceptual model implemented in the Area 5 RWMS GoldSim® model is 
similar to the 1998 PA model. The mathematical implementation of the model in the Area 5 
RWMS GoldSim® model includes a number of refinements and additional detail for the shallow 
vadose zone. Both models assume Zone I has a potential for upward transport of soluble 
radionuclides by upward liquid advection and diffusion in the liquid phase. The 1998 PA 
assumed that the upward liquid flux and liquid diffusion rate were negligible in Zone I. The 
Area 5 RWMS GoldSim® model divides Zone I into two regions with different upward liquid 
fluxes. Above the NFB, assumed to be at a mean depth of 2 m (6.6 ft), upward liquid flux is 
assumed to be zero. Below the NFB, a pdf of upward liquid fluxes is assumed. Complete 
documentation of the vadose zone conceptual model is found in the Area 5 RWMS GoldSim® 
model and its references. 

Upward liquid fluxes cannot be directly measured under the dry conditions at the Area 5 RWMS. 
Since preparation of the 1998 PA, upward water fluxes ranging over nearly six orders of 
magnitude have been estimated by several different modeling methods. Water balance and 
stable isotope methods have produced the highest estimates ranging from 0.1 to 1 mm/yr 
(Tyler et al., 1999). Physical models of liquid flow have produced lower estimates ranging from 
5 x 10-6 to 0.2 mm/yr (BN, 2001; Shott et al., 1998). The Area 5 RWMS CA (BN, 2001) and Area 
3 RWMS PA/CA used a mean water flux (vapor and liquid flux) of 0.3 mm/yr and 0.2 mm/yr, 
respectively, estimated using stable isotope methods (Chapman, 1995; 1997). 

Although each of these methods has its advantages and disadvantages, the physical models 
are considered to give the most reliable estimates. The water balance and stable isotope 
methods are suspected to produce overestimates because they calculate average rates over 
long time intervals when rates were likely changing. The stable isotope method assumptions 
may also be violated as applied at the Area 5 RWMS (Wolfsberg and Stauffer, 2003). The 
physical model results are uncertain because of uncertainty in the unsaturated hydraulic 
conductivity at low moisture contents. Unsaturated hydraulic conductivities are difficult to 
measure at the low Area 5 moisture contents. Most past efforts to estimate upward liquid fluxes 
with physical models have used unsaturated hydraulic conductivities predicted from moisture 
retention data. 

The simulations of Wolfsberg and Stauffer (2003) are assumed to be the best available estimate 
of upward liquid flux. Their simulations consider a full range of surface boundary conditions and 
material properties, including unsaturated hydraulic conductivities measured at expected water 
contents. The 32 realizations of upward liquid flux from the Wolfsberg and Stauffer (2003) 
simulations were used to develop an upward liquid flux pdf for the Area 5 RWMS GoldSim® 
model. The development of the upward liquid flux pdf is documented in the Area 5 RWMS 
GoldSim® model and its references. 
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3.1.1.5 Conceptual Model of Transport 

The transport conceptual model is shown in Figure 3-2. The release of contaminants from the 
shallow waste zones is primarily due to plant uptake, animal burrowing activity, liquid advection 
and diffusion. Once transported to the ground surface, potential transport mechanism for the 
particulates is due to wind and water erosion.  

These conceptual models have been numerically implemented using the GoldSim modeling 
platform in the PAs of the LLW and TRU waste in the GCD boreholes. 
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Figure 3-2. Transport Conceptual Model. 
 

3.1.1.6 Conclusions 

The Area 5 RWMS is well suited for the isolation and disposal of waste. The site is located in an 
access controlled government facility many miles from residential populations. The site has a 
windy, arid climate. Average annual PET is 152.9 cm (60.2 in.), many times the average 
precipitation rate of 12.5 cm (4.92 in.). On an annual basis, even in wet, cool years, evaporative 
demand is high. 

The site is far from surface waters. Surface runoff and run-on is insignificant, and engineered 
berms provide 25-year flood protection. Risks of significant earthquake hazards are low. Minor 
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subsidence of the ground surface above the edges of waste containers and the margins of the 
cells is likely; however, this localized subsidence can be mitigated through monitoring and 
maintaining the covers to preclude cracks or depressions from allowing infiltration of rainwater.  

Plant evapotranspiration minimizes potential water transport through the cover, and the plant 
canopy and roots help control erosion of the surface by wind and rain. The vadose zone below 
the waste cells has low water potentials, low unsaturated hydraulic conductivity rates, and 
ample water storage capacity. Therefore, the potential for significant downward transmission of 
water is extremely low. Below this zone, water potential measurements indicate the existence of 
a static zone where essentially no vertical liquid flow is currently occurring. Conservative 
modeling estimates suggest it would take more than 50,000 years for water to move from 
beneath the static region to the groundwater, which is over 213.4 m (700 ft) below ground 
surface. If water were to carry contaminants to the groundwater, water levels indicate that the 
gradient is nearly flat, and calculated groundwater flow velocities have generally been less than 
0.15 m (0.5 ft) per year. Effectively, there is no groundwater pathway, and the potential for 
groundwater contamination from waste disposal activities at the Area 5 RWMS is negligible. 

The majority of the waste inventory is LLW, and much of the LLW contains radionuclides that 
will decay significantly over the next several decades. Much of the radioactivity in the waste 
inventory is in relatively immobile forms, with the exception of tritium, a volatile radionuclide that 
can readily move with water. 

The conceptual site model indicates that contaminants are not readily released or transported. 
The waste acceptance criteria, packaging requirements, monitoring, climate characteristics, and 
other factors minimize the potential for release and transport of contaminants.  

3.1.1.7 Sensitivity Analysis of the LLW PA 

Sensitivity analysis (SA) has been used throughout the PA model development and 
maintenance process to identify parameters for which uncertainty reduction would be pursued. 
This strategy has proven to be effective, and has resulted in an iteration of model improvement, 
followed by SA that usually identifies new or different parameters of concern, followed again by 
model improvement.  

A global SA of the Area 5 RWMS was performed using a variance decomposition approach 
from the machine-learning field referenced as boosting. The SA identified which input 
parameters have distributions that exert the greatest influence on the model results (response). 
Generalized boosting models (GBMs) were used to quantify the relative importance of 
explanatory variables through metrics based on the explained variance in the response. The 
details of the analysis and the method used are presented in the second addendum to the Area 
5 RWMS PA (BN, 2006). A summary follows below. 

SAs were performed using probability distributions for the model input parameters summarized 
in Table 3-2. The GoldSim PA model was run for 5,000 realizations. Sensitivity indices were 
estimated for each input parameter and include results for three exposure scenarios 
(responses): (1) the resident farmer total effective dose equivalent (TEDE) from the all-
pathways resident farmer TEDE, (2) the transient occupancy air pathway TEDE, and (3) the 
average radon flux density. Two modeling case studies for each scenario were performed, one 
with constant inventory and one with stochastically sampled inventories. 

 



  Closure Plan for the Area 5 RWMS 

September 2008  3-9 

Table 3-2. PA Model Input Parameters. 

Group Sub-group/Parameters 

Facility Pit areas, pit volumes  

Global Institutional control period  

Inventory Waste volume, Waste layer thickness, 
Radionuclide  activity distributions 

 

Waste Zone 
parameters 

Dry bulk density, particle density, water 
content, porosity, tortuosity, 
radionuclide partitioning coefficients, 
effective air diffusion, radon emanation 
factor 

 

Soil Backfill 
and cover 

Dry bulk density, particle density, water 
content, porosity, tortuosity, 
radionuclide partitioning coefficients, 
effective air diffusion 

 

Atmosphere Mixing height,  Atmospheric diffusion 
length 

 

Local Air diffusivities  

Contaminant 
Transport 

Plant Transport Fraction of plants: (Creosote bush, Big Basin 
sage, Grasses, Saltbush, Other shrubs); total 
shrub biomass, total grass biomass, root/shoot 
rations, maximum rooting depths 

 Animal transport Ants 1 and ants 2: Nest volume, Colony span life, 
Colony density, Burrowing depth, Mammals:  
Mound density, Mound volume, Burrowing depth 

 Water Transport Upward advective flux distribution, molecular 
diffusion coefficients, no flux depth 

 Air Transport Resuspension rate;  Chi/Q factors 

Dose 
Assessment 

Plant/soil concentration ratios for food 
plant ingestion 

 

 Dose conversion factors: ingestion, 
inhalation, inhalation-gas, air 
immersion, external irradiation 

 

 Behaviors Ventilation rates, Mass-loading rates,  Fraction of 
time for activities, Transmission factors,   
Inadvertent soil ingestion rate  

 Member of public dose Pathway dose conversion factors (Inhalation, 
external irradiation, ingestion) 

 Inadvertent Human Intrusion Basement area, basement depth, well diameter, 
well depth, garden area, facility design factor, 
bulk-density of excavated materials, drilling 
access time, basement access time, probability of 
intrusion  
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For the case of constant inventory at 1,000 years, the SA identified the following variables as 
most influential: 

• For the resident farmer all-pathways TEDE, “Technetium plant soil concentration ratio for the 
garden” 

• For the transient air pathway TEDE, the “Messor pergandei nest shape” and the “small 
mammal burrow nest shape 

• For the average radon flux, “radon emanation coefficient for the SLB disposal units” 

For the case of the stochastic inventory at 1,000 years, the GBM identified the following 
variables as most influential. 

• For the resident farmer all-pathways TEDE, the “Technetium plant soil concentration ratio for 
the garden” 

• For the transient air pathway TEDE the “Messor pergandei nest shape parameter” 
parameter 

• For the average radon flux density, “radon emanation coefficient for the SLB disposal units” 

3.1.1.8 Uncertainty Analysis 

The results for the FY 2007 inventory indicate that there is reasonable expectation of 
compliance with the member of public performance objectives (Table 3-1). The mean and 95th 
percentile for the all-pathways scenarios are less than the 0.25 mSv yr-1 performance objective.  

3.1.2 Air Pathway Dose 

The mean and 95th percentile for the atmospheric pathway for all scenarios is less than the 0.1 
millisieverts per year (mSv yr-1) limit. There are no additional closure features needed with 
respect to this performance objective. 

3.1.3 Radon Flux 

Table 3-3 shows the PA radon flux results. The mean and 95th percentile 222Rn flux density is 
less than the 0.74 becquerel per square meter per second (Bq/m2/s) performance objective 
averaged over the entire site (Table 3-3). The same is true for all virtual disposal units, except 
for Pit P013U, where the 95th percentile 222Rn flux density exceeds the performance objective.  

The cover thickness is the primary factor in the calculation of the radon flux, with greater cover 
thickness resulting in greater diffusion path length and reduction in radon flux. The PA radon 
flux result is well below the radon performance objective, and is expected to remain so in the 
final PA with an optimized cover thickness. 

There are no additional closure features needed with respect to this performance objective. 
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Table 3-3. Area 5 RWMS PA Results for Radon Flux Density. 
Virtual Disposal Unit Limit 

(Bq m-2 s-1) 
Mean 

 (Bq m-2 s-1) 
95th Percentile 

(Bq m-2 s-1) 
Time of 

Maximum (yr) 

All 0.74 0.041 0.083 1000  

SLB 0.74 0.024 0.050 1000  

Pit 6 0.74 0.041 0.096 1000  

Pit 13 0.74 0.47 1.4 1000  

GCD 0.74 3.4E-9 9.0E-4 1000  

3.1.4 Other Requirements 

3.1.4.1 Groundwater Resource Protection 

The site conceptual model that was developed based on multiple lines of evidence derived from 
the several decades of site characterization activities and vadose zone modeling of flow and 
transport does not include a groundwater pathway. However, in the original PA (Shott et al., 
1998), a bounding analysis of the groundwater pathway was evaluated to demonstrate that in 
the unlikely event of releases from the disposal cells to the groundwater table, groundwater 
performance objectives could be met. 

No impact to the groundwater from the disposal activities at the Area 5 RWMS is expected over 
the compliance period. Therefore, the closure system design has no special provisions for 
groundwater protection, other than the cover thickness, which assures minimal contact of water 
with the waste zone. 

3.1.4.2 Inadvertent Human Intrusion 

The mean of the probability weighted intruder total effective dose equivalent is less than the 
1 mSv performance objective for the postdrilling and intruder-agriculture scenario (Table 3-4). 
The 95th percentile of all scenarios is less than the performance objective. 

Table 3-4. Area 5 RWMS v4.004 GoldSim Model PA Results for Intruders. 
Disposal Unit/Scenario Limit 

(mSv) 
Mean 
(mSv) 

95th Percentile 
(mSv) 

Time of 
Maximum (yr) 

SLB/Postdrilling 1 0.033 0.015 950  

Pit 6/Postdrilling 1 0.0044 0.0022 1000  

Pit 13/Postdrilling 1 0.0011 0.0023 1000  

GCD/Postdrilling 1 3.0E-7 9.2E-7 1000  

SLB/Intruder-Agriculture 1 0.047 0.17 1000  

Pit 6/Intruder-Agriculture 1 0.0016 0.0055 1000  

Pit 13/Intruder-Agriculture 1 4.6E-4 1.7E-3 1000  

GCD/Intruder-Agriculture 1 1.2E-10 NA 100  
NA – not available; insufficient non-zero realizations 
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In the future updates of the PA , only acute intrusion scenarios will be considered recognizing 
NNSA/NSO’s refined institutional control policies for the NTS disposal facilities, which preclude 
chronic scenarios (further discussed in Section 3.2.3). 

The lack of significant economically exploitable natural resources in the region, the cost of 
drilling and pumping from deep wells, and land-use restrictions that prohibit public access to 
groundwater within compliance boundaries to be established for the UGTA Frenchman Flat 
CAU, will help mitigate the risk of IHI for water drilling and residential agriculture during the 
1,000 year compliance period under DOE O 435.1.  

3.1.4.3 
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The 40 CFR 191 TRU model, version 1.002, was developed from the Area 5 RWMS GoldSim 
PA model, which has been subjected to external peer review. The most recent review was the 
update of the Area 5 RWMS PA (BN, 2006), which was accepted by LFRG without conditions 
(DOE, 2007).  

The Area 5 RWMS PA model was initially modified to calculate the regulatory requirements of 
40 CFR 191. Starting with the Area 5 RWMS PA model v4.000, a process of simplification and 
modification was begun to create the final 40 CFR 191 model for the GCD boreholes and the 
TRU in T04C. The steps involved were: 

• Adding model elements to implement stochastic climate regime periods. 

• Adding additional model parameters describing hydrologic conditions, plant uptake, and 
animal burrowing during future climate regimes. 

• Deleting unneeded model components including cost-benefit optimization, composite 
analysis, and unused disposal configurations (i.e., SLB, Pit P06U, Pit P013U, Candidate 
1, Candidate 2), and unused waste inventories (i.e., post-1988 SLB, future waste 
inventory, thorium nitrate, Fernald thorium, pre-1988 GCD, post-1988 GCD, Fernald Silo 
wastes). 

• Adding an onsite residential exposure scenario without agriculture as the IPR scenario. 

The original GCD PA implemented the 1985 version of 40 CFR 191. The 1993 version of the 40 
CFR 191 (the current version) was implemented in the current 191 TRU model, version 1.002, 
considering: 

• The 1993 version is more restrictive than the 1985 version with respect to the IPRs.  

• The 1993 version uses dosimetric quantities that are consistent with quantities currently 
used to regulate radiation exposure in the U.S. 

• DOE/HQ has issued guidance to the U.S. Department of Energy, Nevada Operations 
Office (DOE/NV; now NNSA/NSO), requiring the GCD PA show compliance with the 
1993 version of 40 CFR 191 (DOE 1999b; 2002; Cochran et al., 2001).  

The 1993 Part 191.15 IPRs reduced the MOP dose limit from 0.25 to 0.15 milliSievert (mSv) in a 
year, increased the compliance period from 1,000 to 10,000 years, and changed the dose 
calculation method. The Subpart C groundwater protection standards were changed to broaden 
the definition of groundwaters protected, to move the point of compliance to the accessible 
environment, and to increase the compliance period from 1,000 to 10,000 years. Major 
differences from the original TRU PA model also include the parameter distributions for plants 
and animals, upward flux rates, mixes of plant species, and climate change scenarios. 

The new 40 CFR 191 TRU PA model is documented in the Special Analysis of Transuranic 
Waste in Trench T04C at the Area 5 RWMS, which has been reviewed and accepted by the 
LFRG in 2008 (Shott et al., 2008).  

The 40 CFR 191 TRU PA model was run for the GCD boreholes for the CRs and the IPRs. The 
results of the IPRs are shown in Figure 3-3 for the 10,000-year facility performance with the 
operational cover and with the final cover. The results shown in Figure 3-3 are for a MOP 
residing on top of the cover, with co-located LLW in the GCD TRU boreholes included in the 
assessment. As shown in the figure, the mean as well as the 95 percentile dose results are well 
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below the performance objective of 0.15 mSv in a year. Therefore, the PA IPR result presented 
in the original 2001 PA remains valid. 
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Figure 3-3. Individual Protection Requirements. 
 

The CR results are presented in Figure 3-4. CRs were computed with co-located LLW and 
drilling intrusion. The CRs limit the probability of the normalized cumulative release, R, 
exceeding one times the release limit to less than 1 chance in 10 (Pr[R>1] < 0.1) and the 
Pr(R>10) to less than 1 chance in 1,000. The CR results are below the performance objectives; 
therefore, the CR results of the original GCD TRU PA remain valid. 
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Normalized Release, R (dimensionless)
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As shown in Figure 3-5, the normalized cumulative release is most sensitive to the number of 
boreholes hitting the GCD boreholes, which explains 76 percent of the GBM model variation 
alone and 99 percent of the variation interacting with other parameters (see Table 3-6). The no 
liquid flux boundary depth and upward advection rate show zero sensitivity acting alone but 
acount for approxinately 12 percent of the GBM model variation when interacting with other 
parameters.   
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Figure 3-5. Histogram (Grey) and Marginal Dependence (Blue) of Four Most Sensitive Parameters 
as Measured by the Relative Influence. 

The total effects sensitivity indices (SIs) for these parameters are equal, and it is suspected that 
the interaction is between these two parameters.  

Table 3-6. Sobols’ First Order and Total Effect Sensitivity Indices. 
Parameter First Order Effects SI Total Effects SI
Number of Boreholes 0.76 0.99 

No Liquid Flux Boundary N.D. 0.12 

Upward Advection N.D. 0.12 

Glacial Transition Grass Root Distribution 0.003 0.008 

Am-241 Inventory 0.002 0.004 

Total 0.76 1.24 
N.D. – not detected 
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3.1.4.3.2 Barrier Evaluation 

One of the primary concerns leading to the requirement for engineered and natural barriers is 
the reduction of risk given extremely poor performance of any single barrier. Thus, EPA has 
adopted the multiple barrier principle or “defense in depth.” EPA puts an emphasis on “the best 
performance reasonably achievable” through such design principles and onsite selection to 
provide the best isolation capabilities available. 

The EPA made it clear in 40 CFR 194, “Criteria for the Certification and Re-certification of the 
Waste Isolation Pilot Plant’s Compliance with the 40 CFR Part 191 Disposal Regulations,” that it 
does not require specific engineered barriers or the implementation of more than one 
engineered barrier. 

The EPA defines a barrier as “any material or structure that prevents or substantially delays 
movement of water or radionuclides toward the accessible environment. For example, a barrier 
may be a geologic structure, a canister, a waste form with physical and chemical characteristics 
that significantly decrease the mobility of radionuclides, or a material placed over and around 
waste, provided that the material or structure substantially delays movement of water or 
radionuclides.”  

Previous PAs have identified numerous natural barriers at the Area 5 RWMS including: 

• The thick dry vadose zone below the site. The extremely low hydraulic conductivity of the 
dry alluvium (approximately 1 x 10-10 cm s-1) and thickness of the vadose zone (236–272 m 
[774–892 ft]) leads to extremely long travel times. The median travel time for water under 
current conditions has been estimated to be 51,000 years (Shott et al. 1998). 

• The thick homogenous alluvium below the site. Contaminants must migrate through a 
tortuous porous medium rather than through rapidly flowing fractures in rock. 

• The nearly flat groundwater table below the site. If any contaminants were to reach the 
saturated zone, lateral migration to the edge of the controlled area would be extremely slow 
because of the negligible gradient. 

• The extremely dry cover soil conditions. Mean cover volumetric water contents range from 
0.058 to 0.079. The low water contents are maintained by high PET and low precipitation. 

• The alkaline soil conditions that retard the migration and reduce the solubility of most 
cationic metals. 

• The adaptations of native plants to xeric conditions. Native Mojave Desert plants are able to 
efficiently withdraw water from cover soil and maintain extremely negative soil matric 
potentials. 

• The low primary productivity of native plants. The present-day Mojave Desert assemblage 
has a primary production of only approximately 300 kg ha-1 yr-1. 

• The shallow rooting depth of native plants. Native plants’ roots seldom penetrate below the 
dynamic range of infiltrating precipitation, 2 to 3 m (6.5 to 9.8 ft). 

• The shallow burrowing depth of rodents, the most abundant burrowing animals. 

Engineered barriers are interpreted to be materials or structures intentionally placed at the site 
to increase the isolation of the waste from the accessible environment.  
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All of the TRU material in the GCD boreholes is solid material packed in containers. According 
to Chu and Bernard (1991), the nuclear weapon accident residues in GCD-1C, GCD-2C, and 
GCD-3C were packaged in metal boxes, metal barrels, and plywood boxes coated with 
fiberglass. Probertite was backfilled around the packages. The Rocky Flats Plant material in 
GCD-4C was packed in fiberboard containers packed in plastic bags, placed in a rigid drum 
liner, packed in 55-gallon metal drums. Material from Lawrence Livermore National Laboratory 
in GCD-4C was packed in boxes. These packages are 21 m (70 ft) to 36 m (120 ft) below 
ground surface and covered by at least 21 m (70 ft) of backfill, and the 2.4-m (8-ft) operational 
closure cover. 

The GCD PA did take credit for the backfill and the operational cover but not for the waste 
containers in determining the cumulative release from the facility to show compliance with the 
CRs. 

As the TRU PA demonstrates, the releases from the GCD boreholes are mainly due to human 
intrusion through drilling. The waste packages in the GCD boreholes are buried 21.3 m (70 ft) 
below ground surface, below the rooting depth of native plants and the digging depth of native 
insects and mammals. Drilling rate in the PA is represented with a distribution, which accounts 
for the uncertainty of the drilling rate. Because of small foot-print of the GCD boreholes, the risk 
of drilling into the waste is quite small. 

The regulations do not identify the criteria or process for engineered barrier selection and do not 
require technical analysis. For the WIPP, EPA proposed that DOE select barriers using cost-
benefit analysis (EPA, 1995).  

The cost-effectiveness of 12 engineered barrier alternatives (barriers that modify release 
processes due to biointrusion and/or human intrusion) was recently evaluated for shallow trench 
T04C, which contains inadvertently disposed TRU waste (Shott et al., 2008). T04C is within 
150 m (492 ft) of the GCD boreholes and has similar environmental and site conditions. The 
performance of alternatives was evaluated against a 2.8-m (9-ft) operational cover without 
additional intrusion barriers (base case) using the 90th and 99.9th percentile of the normalized 
cumulative release and the MOP TEDE at 10,000 years (CRs and IPRs under 40 CFR 191). 
Hydrologic performance and reliability were other benefit criteria. Cost factors included cost of 
construction, materials, and maintenance; worker safety; and compatibility with the cover plans 
for surrounding closure units.  
 
The results of the benefit-cost analysis of these 12 barrier alternatives are shown in Table 3-7. 
The most costly alternative was the reinforced concrete subsurface intruder barrier, followed 
closely by the 9-m (30-ft) waste rubber tire and bailing wire subsurface intruder barriers. Only 
three alternatives were judged to be more cost-effective than the base case option. The best 
benefit/cost ratio is obtained for the 4-m (13-ft) monolayer-ET cover. The second most cost-
effective barrier is the 4-m (13-ft) monolayer-ET barrier combined with the boulder mound 
surface intruder barrier. The final alternative ranked above the base case was the 4-m (13-ft) 
monolayer-ET barrier combined with the boulder field surface intruder barrier. 
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Table 3-7. Engineered Barriers Comparison. 

Alternative Description 
Benefit 
Rank 

Cost 
Rank 

Benefit/ 
Cost Rank Rank 

Base 2.8 m ET Cover 0.160 0.147 1.085 4 

Alt. 1 Asphalt Layer, 4-m Cover 0.301 0.510 0.589 13 

Alt. 2 Capillary Break Layer, 4-m Cover 0.307 0.352 0.870 8 

Alt. 3 9 m Rubber Tire Layer, 12.5-m Cover 0.619 0.626 0.988 6 

Alt. 4 9 m Bailing Wire Layer, 12.5-m Cover 0.628 0.642 0.978 7 

Alt. 5 1.5 m Reinforced Concrete Barrier, 5-m Cover 0.428 0.661 0.646 12 

Alt. 6 Boulder Field, 2.8-m ET Cover 0.170 0.202 0.843 10 

Alt. 7 Boulder Wall, 2.8-m ET Cover 0.154 0.231 0.666 11 

Alt. 8 Boulder Mound, 2.8-m ET Cover 0.234 0.270 0.865 9 

Alt. 9 Thick (4-m) ET Cover 0.337 0.227 1.481 1 

Alt. 10 Boulder Field, 4.0-m ET Cover 0.318 0.284 1.121 3 

Alt. 11 Boulder Wall, 4.0-m ET Cover 0.337 0.336 1.005 5 

Alt. 12 Boulder Mound, 4.0-m ET Cover 0.659 0.475 1.388 2 

Extrapolating from the T04C special analysis, the relative merits of barrier alternatives can be 
qualitatively evaluated for the GCD boreholes. Most of the waste containers in the GCD 
boreholes are already buried under 21.3 m (70 ft) of native alluvium. The incremental benefits of 
a thicker final cover are small compared to the performance of the existing 21.3 m (70 ft) of 
backfill. The PA shows that cumulative release is far more sensitive to human intrusions (e.g., 
drilling boreholes) than movement of radionuclides by bioturbation and upward water/vapor 
transport. Comparison of the cost of constructing and maintaining a barrier compared to the 
increased human-intrusion prevention benefits suggest a boulder mound over each GCD 
borehole may cost-effectively marginally reduce the risk of drilling into the GCD wastes. The risk 
reduction is above and beyond the significant risk-reduction benefits of the remote site location, 
the lack of economically exploitable natural resources, the significant cost to develop 
groundwater, and institutional controls after closure of the GCD units. Therefore, NNSA/NSO 
will not implement any additional engineered barriers. 

3.1.4.4 Special Analysis for the TRU Waste in Trench T04C  

In 1986, 102 55-gal drums of classified TRU waste from Rocky Flats were inadvertently buried 
in T04C. The T04C TRU inventory was included in the 2001 CA; however, in order to provide 
further assurance that this small quantity of TRU in T04C will not pose a risk to future MOPs, a 
40 CFR 191 evaluation is considered relevant.  

The SA was performed in 2007 to determine the likelihood that T04C meets the requirements of 
40 CFR 191 (Shott et al., 2008). The SA concludes that there is a reasonable expectation that 
all 40 CFR 191 disposal requirements for a period of 10,000 years under climate change are 
met.  

There are no closure requirements and activities stemming from this evaluation. 
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3.1.4.5 Compliance with RCRA Hazardous Waste Regulations 

The closure requirements and cover design standards of 40 CFR 265 will be met in closing the 
Pit P03U MWDU. Pits P06U and P07U are permitted Class III asbestiform low-level solid waste 
disposal units at the Area 5 RWMS and will meet the requirements of NAC 444.743. NDEP- 
agreed closure of the 92-Acre Area under a FFACO-like process will assure that 40 CFR 265 
and NAC 444.743 requirements are met. The closure cover design utilizes a cover design that 
has been proven equivalent to a RCRA cover. This equivalency was accepted by the NDEP for 
closure of the CAU 110 (U-3ax/bl unit) in the Area 3 RWMS in 2001 (DOE, 2001b). The 
evaluation of alternative covers in the Pit P03U closure and post-closure care plan also 
demonstrates that the ET-cover will perform better than the EPA’s standard RCRA cover for 
hazardous waste landfills (DOE, 2005b; Crowe et al., 2005). 

3.2 DETAILED CLOSURE ACTIVITIES 

Closure of the Area 5 RWMS includes operational closure followed by final closure. Operational 
closure provides the initial protection and containment of disposed waste containers. Final 
closure provides containment of disposed wastes for an indefinite period. The concept of the 
cover design is such that evapotranspiration is the driving mechanism for removing moisture 
from the cover. Sloping minimizes ponding and reduces infiltration by promoting water flow off 
the cover; cover thickness provides the necessary storage for moisture. 

3.2.1 Operational/Interim Closure 

Containerized waste is disposed in pits or trenches starting at the closed end of the disposal 
unit and progressing toward the open or ramp end. An alphanumeric grid system along the 
perimeter of the disposal unit is used to track the location of all disposed waste. Within a short 
time (days to weeks) after disposal of the waste, stockpiled soil is screened to remove rocks 
larger than 9 cm (3.5 in.) and is placed over the waste containers from the top of the stacked 
containers. The working face of the stacked waste containers is not immediately covered with 
soil so that additional waste can be stacked easily. The soil cover is not placed in lifts but is 
compacted by the heavy equipment running over the total thickness of soil. 

Native soil excavated to form trenches at the Area 5 RWMS is typically stockpiled for later use 
in operational closure. Waste containers are stacked in the disposal unit to approximately 1.2 m 
(4 ft) below grade. Previously, aluminum tubes used for neutron logging of soil moisture were 
placed at intervals between the waste containers during stacking, and extend to the bottom of 
the disposal unit. Since the neutron monitoring technology has now been replaced by TDR 
probes, the existing neutron monitoring tubes are not being used and are planned to be filled 
and abandoned. Neutron monitoring tubes will not be installed during future waste-disposal 
activities.  

Past operational closure included placement of soil over the waste containers to a total 
thickness of about 2.4 m (8 ft), so that about 1.2 m (4 ft) of soil stood above grade. New 
operational closures will place soil over the waste containers to a total thickness of about 4 m 
(13 ft), so that 2.8 m (9 ft) of soil stand above grade. This additional thickness will preclude 
biotic intrusion into the waste zone. The final cover will also optimize performance in terms of 
attenuating the flux of gaseous radionuclides, and accommodating infiltration of water and any 
later subsidence. Lower existing operational covers, when adjacent to a new cover, will be 
thickened to match the total thickness of the newly placed operational cover and sloped 
uniformly to provide for drainage from the unit as well as away from adjacent units. 
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After a disposal unit is completely filled, the operational cover is graded to provide a smooth 
surface. Maintenance of the cover includes filling of fissures and depressions resulting from 
compaction and piping of soil between waste packages, compaction of the surface with a roller, 
and re-grading. Operational closure covers are not vegetated because of the need for continued 
maintenance activities. 

Two weighing lysimeters installed near the Area 5 RWMS (one vegetated and the other bare) 
serve as analogs for the operational closure covers. Data collected show that soil in the 
unvegetated lysimeter stores more water than similar soil in the vegetated lysimeter and, over a 
period of approximately five years, could experience slight infiltration through the thickness of 
the soil column (approximately 1.8 m [6 ft]).  

3.2.2 Final Closure 

Results of past characterization studies, and ongoing measures of water balance at the Area 5 
RWMS and elsewhere, are believed to provide sufficient characterization data to support the 
DQO for the closure of the 92-Acre Area under the NDEP FFACO process.  

The closure cover for the 92-Acre Area consists of two monolayer-ET closure covers.  
Monolayer-ET closure covers were selected as the preferred alternative design to a multilayered 
landfill closure cover and other alternative designs only after a comprehensive evaluation of 
many alternatives. Evaluation of alternative designs included review of relevant literature, 
research on water balance in vegetated and unvegetated weighing lysimeters in Area 5 of the 
NTS, hydrogeologic modeling, site visits to closure cover test facilities at SNL and LANL, 
NNSA/NSO-sponsored workshops, and a conference on vadose zone monitoring. The various 
forums included representatives from industry, academia, and government, including SNL and 
LANL, and provided the opportunity to discuss closure and monitoring of waste-disposal units. 
Multiple lines of evidence suggest that a monolayer-ET design in an arid environment will 
perform according to performance criteria over long periods of time even under conditions of 
subsidence and will meet the regulatory design standards of 40 CFR 265, NAC 444.743, and 
performance objectives under DOE O 435.1 and 40 CFR 191. The monolayer-ET cover and 
natural conditions at the NTS will integrate and operate as a system. 

Title II engineering design drawings and supporting calculations are presented in the 
appendices. Design features of the final closure cover are summarized below. 

The Area 5 RWMS Expansion Area will be closed with a single closure cover in a fashion similar 
to the 92-Acre Area. Areas between the final covers at the Expansion Area and the 92-Acre 
Area will be graded so that drainage will exit the sites without impacting adjacent closed units. 

3.2.2.1 Cover Thickness 

The current design includes a closure cover thickness of 3 m (10 ft), which is deemed adequate 
to meet the PA performance objectives. This thickness, which includes the thickness of the 
operational covers, is the minimum thickness of cover over the waste. It may be greater than 
3 m (10 ft) at certain locations in order to accommodate the design cover slopes. The cover 
thickness will be optimized for the final design. 
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3.2.2.2 Cover Slope 

The top surface of the cover is sloped sufficiently to provide free drainage without ponding of 
water while minimizing erosion due to runoff. The surface slope and cover side slopes are 
established so as to minimize erosion and the need for side slope armoring. 

3.2.2.3 Cover Material 

Materials for constructing the cover will be natural soils obtained from the Area 5 RWMS. The 
soils will be compatible with the materials used for the operational covers. If necessary, soil 
samples may be collected and analyzed using the following methods to determine suitability 
based on the PA and comparability with existing operational covers: 

• American Society for Testing and Materials (ASTM) D422: Standard Test Method for 
Particle-Size Analysis of Soils 

• ASTM D854: Standard Test Methods for Specific Gravity of Soil Solids by Water 
Pycnometer 

• ASTM D1557: Standard Test Methods for Laboratory Compaction Characteristics of Soil 

• ASTM D2216: Standard Test Method for Laboratory Determination of Water (Moisture) 
Content of Soil and Rock by Mass 

• ASTM D2434: Standard Test Method for Permeability of Granular Soils 

• ASTM D2487: Standard Classification of Soils for Engineering Purposes (Unified Soil 
Classification System) 

• ASTM D2922: Standard Test Methods for Density of Soil and Soil-Aggregate in Place by 
Nuclear Methods (Shallow Depth) 

• ASTM D4318: Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of 
Soils 

• ASTM D5084: Standard Test Methods for Measurement of Hydraulic Conductivity of 
Saturated Porous Material Using a Flexible Wall Permeameter 

• ASTM D6527: Standard Test Method for Determining Unsaturated and Saturated Hydraulic 
Conductivity in Porous Media by Steady-State Centrifugation 

3.2.2.4 Cover Infiltration 

Measurement and modeling of water balance in test monolayer-ET covers at the Area 5 RWMS 
and at National Laboratories in arid regions of the United States show that the design will 
minimize infiltration of water (Desotell, 2006). 

Water balance studies conducted at the Area 5 RWMS have shown that a monolayer-ET 
closure cover is most effective when vegetated (Levitt et al., 1999; Desotell, 2006). Under 
current climatic conditions, any water that infiltrates into the soil is quickly extracted by 
evaporation and uptake by plant roots, even with a relatively low density of plant cover. Closure 
covers constructed over waste units at both the Area 3 and Area 5 RWMSs will be planted with 
species native to the area. Shallow-rooted, invasive plant species will also be allowed to 
vegetate the closure covers. Over the long term, an established plant assemblage that will 
survive the ambient range of environmental conditions is expected. Plants will also serve to 



Closure Plan for the Area 5 RWMS 

3-24  September 2008 
 

maintain stability of the closure covers. The cover will have adequate slope to safely carry any 
precipitation runoff without significant erosion. 

Infiltration of water into the waste zone below the cover is minimized by planting native 
vegetation on the cover, sloping the cover, and providing an adequate cover thickness.  

3.2.2.5 Cover Erosion 

Erosion will be controlled through a combination of vegetation and cover slope.  

3.2.2.6 Cover Subsidence 

Subsidence could occur due to infilling of void spaces around containers, plus the degradation 
and subsequent collapse of buried waste containers. The cover design (monolayer) is sufficient 
to maintain structural stability in the event of incidental subsidence. Subsidence or localized 
settling would be mitigated shortly after discovery. 

3.2.2.7 Cover Vegetation 

Vegetation is an integral component of cover design and minimizes both infiltration and erosion. 
The cover will be seeded and/or planted with plant species native to the area in a density similar 
to natural conditions. The surface of the cover will be disked to a depth of approximately 0.3 m 
(1 ft) prior to seeding. Short-term irrigation may be required to accelerate seed germination and 
rooting until vegetation is established.  

3.2.2.8 Cover Monitoring 

Individual closure covers will not be monitored since the Area 5 RWMS lysimeter facility will 
serve as a surrogate monitoring station.  

3.2.2.9 Drainage 

The Area 5 RWMS is currently surrounded by engineered berms and drainage channels. 
Flooding within the RWMS will be controlled by the cover-slope design, in conjunction with new 
engineered drainage channels, to direct runoff away from the closure covers and ultimately 
outside the RWMS.  

3.2.3 Institutional Control 

The following institutional controls currently in place for the Area 5 RWMS will continue to be 
implemented during post-closure: 

• Access controls and site security provided through government control of the NTS 

• Agreements and discussions with the Nellis Air Force Range (also known as the Nellis Test 
and Training Range), BLM, the U.S. Fish and Wildlife Service, and NDEP regarding long-
term ownership and control of the lands including and surrounding the NTS  

• Maintenance operations, remedial actions, and decommissioning steps necessary to 
establish the proper post-closure condition for the site 

• Monitoring of parameters related to performance of waste disposal systems 
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• Implementation of specific controls: (a) fences and signs, (b) facility guards for roadways 
and patrols, (c) land use control and permits, (d) land reclamation, (e) inspection and 
maintenance, and (f) reporting of activities and incidents that impact access control and 
security, and any corrective actions 

The length of the institutional control period was treated probabilistically in the Area 5 RWMS 
PA. A probability distribution was assigned to the length of the institutional control period based 
on the results of an expert judgment elicitation of the probability of IHI. Human intrusion was 
assumed to occur (probability = 1) after loss of institutional control (Black et al., 2001). The PA 
also weighted the dose to inadvertent intruder by the probability of IHI. 

In response to concerns over consistency issues in institutional control and land-use policies 
implemented in the NTS PAs/CAs, NNSA/NSO conducted an evaluation of program 
assumptions across the waste management and environmental restoration programs. As a 
result, a new institutional control policy was developed and adopted in FY 2008. Following is a 
summary of the implementation of the NNSA/NSO’s institutional control policy in the future 
PAs/CAs (Crowe et al., 2007):  

• Timing of the onset of the loss of active institutional control will continue to be assessed as a 
probability distribution that is based on, and justified by, local conditions.  

• The probability of IHI will no longer be applied in risk-modified dose calculations consistent 
with the guidance of the National Academy of Science. 

• The Area 5 and Area 3 facilities will assume land-use restrictions consistent with NNSA 
directives and the UGTA/FFACO policies for the NTS.  

• The land-use restrictions will prohibit public access to contaminated groundwater within the 
NDEP compliance-negotiated boundaries for 1,000 years. The 1,000-year duration for land-
use restrictions is not specified in the FFACO (1996 [as amended, 2008]) but is a 
recognized requirement of the definition of the contaminant boundary (page VI-3-3), the 
performance criteria (page VI-3-4), and the requirements for implementing the Safe Drinking 
Water Act (page VI-3-12). (All page references from Appendix VI of the FFACO [1996 (as 
amended, 2008.)]) 

• The PA and CA for the Area 5 and Area 3 facilities demonstrate that there is insufficient 
transport to establish a downward pathway beneath the facilities to groundwater for 
contaminants during the 1,000-year compliance period (Shott et al., 1998; 2001; BN, 2006). 
The only release pathways that allow interaction between the disposal facility inventory and 
the UGTA groundwater contamination is from drilling to groundwater near the waste 
disposal facilities (combined atmospheric and groundwater pathways).  

The land-use restrictions are assumed to eliminate long-term access to groundwater for the 
chronic post-drilling and intruder agriculture scenarios. The policies are not expected to be 
100% effective for shorter time spans (months) and will not prevent the acute groundwater 
drilling and construction scenarios. 

Consistent with this policy, the next update of the Area 5 RWMS PA will evaluate acute drilling 
and construction IHI scenarios. The acute drilling scenario estimates the dose to a drill crew 
drilling a water well through a disposal cell. The acute construction scenario estimates the dose 
to a construction crew excavating a septic tank or basement during construction of a residence. 
The PA will assume the MOP to be located 100 m from the facility boundary and continue to use 
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the probability distribution for the onset of loss of institutional controls. Cover thickness 
optimization for the disposal units will be based on this new set of assumptions.  

3.2.4 Post-Closure Care and Strategy 

Following certification of closure of the Area 5 RWMS, according to DOE O 435.1 and DOE M 
435.1-1, the facilities will be subject initially to a period of active institutional control followed by 
an indefinite period of passive control. The NNSA position is that the NTS will be controlled in 
perpetuity. However, should this position change for part or all of the NTS, institutional control 
shall continue until the facility can be released pursuant to DOE O 5400.5, Change 2, “Radiation 
Protection of the Public and Environment.” 

3.2.4.1 Site Inspection and Maintenance 

The inspection program addresses inspection requirements for environmental monitoring 
equipment, fire protection systems, safety and emergency equipment, security devices, and 
operating or structural equipment that are critical to prevent, detect, or respond to human health 
or environmental hazards. Records will be maintained by the RWMS personnel for tracking 
purposes to ensure that inspections are conducted according to established schedules. 

Inspections will consist of visual observations to ensure that closure cover integrity is 
maintained and fencing and boundary monuments are intact. Inspections and associated 
repairs will ensure the continuing protection of human health and the environment.  

Post-closure inspection and maintenance will be minimized to the extent possible by the design 
of the closure cover system and additional site security measures. Post-closure inspections and 
maintenance activities will include the following: 

• General Facility Inspection: visually inspect condition of fences, gates, and locks for breaks, 
gaps, and damage; inspect monuments for condition and legibility; confirm that gates 
properly close and lock; and inspect condition of vegetative cover.  

• Warning Sign Inspection: inspect visibility from at least 8 m (25 ft) and legibility from 8 m 
(25 ft). 

• Cover Inspection: observe cover for erosion, settlement, subsidence, displacement, 
burrowing, and plant growth. 

• Run-on/Runoff Inspection: visually inspect control structures and drainage system for 
presence of erosion and shifting from storms or precipitation. 

• Maintenance activities will be based on inspection results. Custodial maintenance or repair 
actions may include repairing of fences, replacing warning signs, re-establishing location 
control monuments, removing unwanted vegetation, reconstructing slopes, covers, or 
embankments. 

• The condition of any surveyed subsidence marker will be inspected every six months. In 
addition, all survey markers will be resurveyed on an annual basis to determine if the covers 
have subsided. 

• A survey of the boundary monuments regarding their placement and verification of the 
condition of each boundary marker will be performed. Any problems will be noted on the 
inspection form and repairs made. 
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• During each inspection, any changes in the condition of the closure cover, vegetation, or 
fenced area will be documented. Specific changes noted on the current condition of the 
cover include, but are not limited to, trash and debris within the fenced compound, animal 
burrows or nesting activity, and erosion of the cover. 

• Cracks or settling imperfections of 2.5 to 15 cm (1 to 6 in.) deep on the cover will be 
documented and scheduled for repair on an annual basis. No action will be taken for cracks 
or settling imperfections of less than 2.5 cm (1 in.). Larger disruptions of the cover (animal 
diggings or erosion) will be immediately evaluated, repaired within 90 days, and 
documented.  

All repair work to the cover will ensure that the integrity of the cover and design is maintained 
“as built.” For RCRA-regulated disposal units, if cover repair requires modifications of the 
closure-cover design, NNSA/NSO will present a formal design modification request to NDEP 
prior to making the design modification. 

Closure and post-closure monitoring documentation will be maintained in the Area 5 RWMS 
files and at the NNSA/NSO Technical Library in North Las Vegas. The files will be available for 
inspection and review upon request. 

3.2.4.2 Protection from Adverse Impact 

Protection of the groundwater, human health, and the environment are primary concerns 
following final closure of the Area 5 RWMS. The following sections discuss measures to ensure 
that these resources are not adversely impacted by the facility. 

3.2.4.2.1 Groundwater 

Sections 2.6 and 2.9, which include discussions of the geology and hydrology of the sites and 
how moisture migrates through the unsaturated zone, demonstrate that past, current, and future 
operations at the Area 5 RWMS will not impact the underlying groundwater in the alluvial 
aquifer.  

Performance monitoring of the unsaturated zone during the operational phase of the RWMSs 
has not detected migration of moisture deeper than 2.1 m (7 ft) at the base lysimeter. Although 
this does not reflect evapotranspiration of vegetated landfill cover, no impact to the groundwater 
has occurred using the current design of the disposal units. During the closure and post-closure 
phase, the design of the closure cover and drainage system limits infiltration to less than that 
during operations and prevents water runoff. 

Performance monitoring at the Area 5 RWMS lysimeters will provide data on the moisture 
content of soils and the potential for downward or upward movement of liquids. By conducting 
performance monitoring, any potential changes in moisture content will be detected and 
appropriate remedial measures implemented to prevent continued downward movement of 
liquid. 

3.2.4.2.2 Human Health and Environment 

The Area 5 RWMS will be monitored and inspected during the closure and post-closure care 
periods to ensure public safety and human health and to prevent damage to the environment. 
The monolayer-ET closure cover design does not include a barrier against IHI. The thickness of 
the cover provides partial protection, since significant effort must be undertaken to expose the 
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waste zone. Site security, long-term institutional control, and controlled facility access will 
prevent human intrusions.  

3.2.4.3 Site Security 

The security plan for the Area 5 RWMS will be part of the final closure plan. The disposal areas 
currently are secured 24 hours a day, 7 days a week. Security is maintained with the following 
systems: 

• Access requiring prior authorization and an escort, if not previously authorized to enter 

• Perimeter markers, a perimeter fence, and gated access road to the disposal-unit area, with 
postings of the hazards and access requirements 

The fences will prevent access to most animals to eliminate their ingestion of the native 
vegetation, while keeping unauthorized personnel from performing intrusive activities at the site. 

Overall security at NTS is maintained 24 hours, 7 days a week by highly trained security 
personnel. Security of the Area 5 RWMS will continue during the post-closure care period and 
will include the following: 

• Posted warning signs designating site dangers 
• Fences to keep out unauthorized personnel 
• Controlled site access for specific disposal units 
• Perimeter inspections to check for signs of intrusion or fence deterioration/damage 

3.2.5 Unrestricted Release of Sites 

Public access to the NTS is currently restricted and will continue to be restricted as long as the 
NTS has an active national security mission. An active national security mission is assumed into 
the foreseeable future. If the NTS national security mission ends, the release of NTS land for 
public access will be constrained by historical contamination from atmospheric nuclear testing, 
underground nuclear testing, nuclear rocket testing, and radioactive waste disposal. 
Remediation and closure of historically contaminated sites on the NTS is regulated by the 
FFACO (1996 [as amended, 2008]) between NNSA/NSO, the State of Nevada, and the U.S. 
Department of Defense. The FFACO defines a RCRA-like process for remediation and closure 
of CAUs and requires the State of Nevada to review and approve all corrective actions. Release 
of land for public access is also subject to the requirements of DOE O 5400.5, Change 2. 

NNSA/NSO has implemented the UGTA Sub-Project and the Environmental Restoration Project 
(Soils Project) to close UGTAs and contaminated soil sites under the FFACO (1996 [as 
amended, 2008]). The State-accepted remediation option for UGTA closures is the identification 
of areas within the NTS where public access or groundwater use will be restricted in perpetuity. 
The dose to a future MOP who may have access to lands in Frenchman Flat has been 
evaluated in the CA for the Area 5 RWMS. The CA considered all sources of residual 
radioactive material, assuming that the soils sites may not be cleaned up and restricted areas 
that will be identified by the UGTA program will be in effect, and showed that a cumulative dose 
to a MOP who resides in Frenchman Flat will be below the CA dose limit of 100 millirem per 
year (mrem/yr) and dose constraint of 30 mrem/yr. The current CA does not show the extent of 
the restricted areas. The restricted areas will be incorporated into the CA under the PA 
Maintenance Plan when the UGTA Program completes the necessary site characterization and 
modeling and the boundaries of the restricted areas are agreed upon between the State of 
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Nevada and NNSA/NSO. The CADD identifying the UGTA CAU boundaries is expected to be 
finalized in FY 2012. 

3.3 MONITORING 

Monitoring at the Area 5 RWMS and its surroundings is conducted under a variety of regulatory 
drivers, including federal regulations and DOE orders.  

The NTS-wide monitoring follows the Routine Radiological Environmental Monitoring Plan 
(RREMP) (BN, 2003). The RREMP brings together site-wide environmental surveillance, site-
specific effluent monitoring, and operational monitoring conducted by various missions, 
programs, and projects on the NTS. The plan provides an approach to identifying and 
conducting routine radiological monitoring at the NTS, based on integrated technical, scientific, 
and regulatory compliance data needs. The RREMP uses a decision-based approach to identify 
the environmental data that must be collected and provides Quality Assurance, Analysis, and 
Sampling Plan (QAASP), which ensures that defensible data are generated. The approach is 
based on a modification of the EPA’s DQO process (EPA, 1994), a seven-step process that 
calls for identification of the decisions that data collection activities must support, and uses a 
logical structure to develop the plan for data collection and analysis.  

The detailed steps of the process for each media are presented in Appendix E of the RREMP. 
During the design process, existing and historical site information and regulatory requirements 
were reviewed. A summary of the site characteristics, transport and exposure pathways, 
regulatory requirements, and historical data were evaluated for each medium in preparation of 
the RREMP to support the monitoring designs. 

Monitoring data specifically collected at the Area 5 RWMS are used for the following: 

• Demonstrate compliance with DOE O 450.1 and DOE O 435.1 

• Confirm PA assumptions regarding the hydrologic conceptual model including soil-water 
contents and upward and downward flux rates 

• Test the PA performance objective of protecting groundwater resources 

• Demonstrate negligible infiltration of precipitation into waste zones 

• Detect changing trends in performance 

• Establish baseline levels for long-term monitoring 

• Comply with NDEP-negotiated requirements at Pit P03U MWDU 

Monitoring is also conducted at the Area 5 RWMS to ensure the integrity of operational covers 
over waste disposal units. The monitoring program is designed to sufficiently forewarn 
management and regulators of any need for mitigative actions and to record the utility of any 
mitigative actions.  

Review of monitoring data for routine PA maintenance is an iterative process that will ultimately 
dictate which monitoring data should continue to be collected during the post-closure care 
period, and which monitoring data are no longer required.  

The elements of the pre-closure and post-closure monitoring plan for the Area 5 RWMS are 
presented.  
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3.3.1 Pre-Closure Monitoring 

The current monitoring at the Area 5 RWMS consists of both regulatory-driven monitoring 
elements as well as best management practices. The current monitoring system consists of the 
following elements: 

• Vadose zone monitoring 
• Groundwater detection monitoring 
• Radon monitoring 
• Meteorology monitoring 
• Direct radiation monitoring 
• Biota monitoring 
• Subsidence monitoring 
• Air monitoring 
• Soil temperature monitoring around disposed radioisotope thermonuclear generators 

(RTGs) 

Monitoring activities are summarized in Table 3-8. Current monitoring locations are shown in 
Figure 3-6 and Figure 3-7.  

3.3.1.1 Vadose Zone Monitoring 

Vadose zone monitoring is conducted to confirm the key assumption of no downward pathway 
of the NTS PAs, to detect changes in system performance, and to establish baseline data for 
long-term monitoring. The vadose monitoring system consists of weighing lysimeters and 
instrumented operational covers. Two precision weighing lysimeters have been in continuous 
operation since March 1994. One lysimeter is vegetated with native plant species at the 
approximate density of the surrounding desert, and the other lysimeter is kept bare to simulate 
operational covers. The lysimeters are capable of measuring changes in storage of ± 800 grams 
or ± 0.1 millimeter of water. Additionally, both lysimeter soil columns are instrumented with TDR 
probes for volumetric water content and heat dissipation probes (HDPs) for matric potential and 
soil temperature measurements. Three operational covers and one pit floor are instrumented 
with TDR probes. Sensors are installed throughout the cover profile to a depth of 180 cm. HDP 
arrays are also installed in two of the operational covers. Vadose zone sensors are typically 
read once a day. 
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Table 3-8. Monitoring Activities at the Area 5 RWMS. 
Monitoring Element Area 5 RWMS 

Vadose Zone Monitoring • Measurements of soil water content and water potential in 
waste disposal unit covers 

• Measurements of soil water content in waste disposal unit 
floor 

• Two weighing lysimeters (vegetated and bare) for water 
balance since 1994 

Groundwater Monitoring • RCRA detection monitoring at three wells 

Radon Monitoring • Radon flux measurements from waste covers (various 
locations) 

Meteorology Monitoring • Air temperature at two heights 
• Relative humidity at two heights 
• Wind speed at two heights 
• Wind direction at two heights 
• Barometric pressure 
• Solar radiation 
• Precipitation 

Direct Radiation Monitoring • Ten thermoluminescent dosimeters (TLDs) 

Biota Monitoring • Sampling vegetation for tritium 

Subsidence Monitoring • Routine inspection of operational covers 

Air Monitoring • Air particulates sampled at two locations; atmospheric 
moisture sampling for tritium at two locations 

Soil Temperature Monitoring 
around RTGs 

• Vertical and horizontal sensor arrays  
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Figure 3-6. Location of the Area 5 RWMS Pilot Wells and Weighing Lysimeter Facility. 
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Figure 3-7. Monitoring Stations at the Area 5 RWMS. 

In the past, soil moisture contents were measured using neutron logging. This has been 
replaced with TDR probes. Heat dissipation probes are used to measure soil-water potentials.  

This strategy provides an accurate estimate of the water balance for the disposal units including 
any drainage through the waste covers and, therefore, potential percolation below the waste 
zone.  

The current vadose zone monitoring program is designed based on a strong understanding of 
the vadose zone system from the results of extensive vadose zone characterization studies  
(Shott et al., 1998; 2000; Tyler et al., 1996) and modeling studies (Crowe et al., 1998b; Levitt 
et al., 1999). In addition, the vadose zone monitoring program is designed in part from the 
results of an Alternative Evaluation Study on vadose zone monitoring (BN, 1998a) using an 
organized team approach and, in part, from successful vadose zone monitoring field 
experience.  

Vadose zone monitoring data are reported in an annual monitoring report (NSTec, 2008b). 
Details of the RWMS vadose zone monitoring activities can be found in NSTec OI-2154.111, 
“Instructions for Datalogger Monitoring Stations.” 
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Results from the lysimeter facilities at the NTS will help assess performance of future 
monolayer-ET covers at the Area 5 RWMS.  

3.3.1.2 Groundwater Monitoring 

Groundwater monitoring is conducted at the three pilot wells surrounding the Area 5 RWMS as 
required by 40 CFR 265. These wells were originally drilled in 1993 as characterization wells for 
determination of physical and chemical properties of drill core, chemical properties of 
groundwater in the uppermost aquifer, and depth to the uppermost aquifer. In February 1994, 
NDEP stated that the pilot wells appear to meet the applicable design, construction, and 
development criteria for RCRA groundwater monitoring wells. On March 31, 1998, NDEP 
concurred with the sampling frequency, indicator parameters, and investigation levels submitted 
in the groundwater monitoring outline in the March 1, 2008, Groundwater Monitoring Program. 

Groundwater from pilot wells is sampled semiannually for the following parameters (BN, 1998b): 

Indicators of contamination: 
• pH 
• specific conductance 
• total organic carbon 
• total organic halogen 
• tritium 

General Water Chemistry Parameters: 
• total Ca, Fe, Mg, Mn, K, Na, SiO2 
• total SO4, Cl, F 
• alkalinity 

Investigation levels for these indicators of contamination can be found in BN (1998b). Details of 
pilot well construction can be found in BN (2004). 

Additional groundwater monitoring requirements were driven by DOE orders and, independent 
of EPA requirements, were determined through a DQO-driven process and are detailed in the 
RREMP (BN, 2003). Groundwater monitoring analytes identified in the RREMP include: 

• tritium 
• gross alpha 
• gross beta 
• gamma spectroscopy 
• plutonium-238 and plutonium-239+240 

 
The groundwater monitoring frequency identified in the RREMP is biennial. All groundwater 
sampling data from the Area 5 RWMS pilot wells to date indicate that the groundwater in the 
uppermost aquifer has not been affected by RWMS or past weapons testing activities. Tritium 
concentrations in groundwater beneath the Area 5 RWMS have never exceeded the method 
detection limit for enriched tritium analysis (approximately 15 picocuries per liter). Groundwater 
elevation data indicate that the water table beneath the Area 5 RWMS is nearly flat, with 
groundwater flowing in a northeastern direction at a horizontal velocity of approximately 23 cm 
(9 in.) per year (BN, 2004).  
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Groundwater monitoring data are presented in detail in the annual groundwater monitoring data 
report (e.g., BN, 2004). Details of the Area 5 RWMS groundwater monitoring activities can be 
found in Appendix B of the RREMP (BN, 2003) and the Area 5 RWMS groundwater monitoring 
Organization Instructions OI-2154.108, “Instructions for Area 5 RWMS Groundwater Well 
Preparation and Groundwater Sampling,” and OI-2154.104, “Preparing and Sampling Routine 
Radiological Environmental Monitoring Plan (RREMP) Groundwater Wells.” 

3.3.1.3 Radon Monitoring 

Radon flux monitoring has been conducted at various locations within the Area 5 RWMSs since 
2000. In 2006, radon flux measurements resulted in a mean flux of 0.037 Bq/m2/s for the Area 5 
RWMS. Results indicate that radon flux from waste covers is similar to undisturbed background 
locations and well below the 0.74 Bq/m2/s performance objective of the DOE O 435.1. These 
results are consistent with radon flux calculations in the PA models.  

3.3.1.4 Meteorology Monitoring 

Detailed meteorological data are collected at the Area 5 RWMS. Measurements include 
precipitation, air temperature, relative humidity, wind speed and direction, barometric pressure, 
and incoming solar radiation. Hourly data are recorded. These basic meteorological parameters 
are required to quantify the exchange of water and heat between the soil and atmosphere. 
Meteorological measurements are taken to (1) confirm that the RWMS is sited in an arid 
environment, (2) use as input for process level models, and (3) refine PA/CA parameter 
distributions. 

Meteorology monitoring data are reported in an annual monitoring report (NSTec, 2008b). 
Details of the RWMS meteorology monitoring activities can be found in NSTec  
OI-2154.111, “Instructions for Datalogger Monitoring Stations.” 
 
3.3.1.5 Direct Radiation Monitoring 

The direct radiation monitoring is conducted to confirm that RWMS activities do not result in 
significant exposure above background levels, in compliance with DOE O 450.1, DOE 
O 5400.5, and DOE O 435.1, and the Environmental Regulatory Guide for Radiological Effluent 
Monitoring and Environmental Surveillance (DOE, 1991).  

Figure 3-7 shows thermoluminescent dosimeter (TLD) locations at the Area 5 RWMS. Details of 
the direct radiation monitoring activities can be found in the NTS Routine RREMP and 
Organization Instruction OI-2154.109, “Radiation Monitoring Using Thermoluminescent 
Dosimeters.” 

3.3.1.6 Biota Monitoring 

On January 15, 2003, DOE O 450.1, “Environmental Protection Program,” was approved and 
added specific requirements for the protection of other natural resources including biota, and to 
evaluate the potential impacts to biota in the vicinity of DOE activities. To demonstrate 
compliance with these requirements, DOE technical standard DOE-STD-1153-2002, “A Graded 
Approach for Evaluating Radiation Doses to Aquatic and Terrestrial Biota,” was developed by 
the DOE’s Biota Dose Assessment Committee. This standard describes a graded approach for 
evaluating radiation doses to biota and set the following dose limits that, based on current 
scientific understanding, are protective of populations of biota: 
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• Dose limit to aquatic animals = 1 rad/day (10 milligray/day) 
• Dose limit to terrestrial plants = 1 rad/day (10 milligray/day) 
• Dose limit to terrestrial animals = 0.1 rad/day (1 milligray/day) 

Monitoring of radionuclides in biota are done to evaluate potential dose to biota, and to humans 
consuming game animals, and to evaluate the possible transport of radionuclides from waste 
disposal areas. 

Biota monitoring consists of sampling vegetation for analyses including tritium, gamma-emitting 
radionuclides, and transuranics. If radionuclide concentrations in vegetation are high, wild game 
animals may be sampled. Vegetation sampling may be limited year to year, depending on 
rainfall and waste cover operations during operational closure. Vegetation from, on, and near 
waste covers, as well as vegetation from control areas far from waste covers, typically are 
sampled in mid-summer and analyzed for tritium. Timing of the sampling is important because 
vegetation is forced to remove soil-water from greater depths (closer to waste) as surface soils 
dry out in summer. Plant water is extracted from the vegetation samples by room temperature 
vacuum distillation and analyzed by liquid scintillation for tritium. Animals (and soil from animal 
burrows) will be monitored for radionuclides if warranted by increasing tritium concentration 
trends in vegetation or if animal burrows on or near waste covers are observed in significant 
numbers. 

3.3.1.7 Subsidence Monitoring 

Subsidence monitoring consists of routine inspections of operational and final waste covers for 
subsidence features such as cracks and depressions, ponding, and erosion. When such 
features are observed, their locations are recorded using a Global Positioning System unit and 
digital camera, and operations personnel are informed to take corrective action. 

Subsidence monitoring is conducted monthly at all disposal units. Subsidence has been formally 
monitored since 2000. Subsidence occurs most commonly in recently filled disposal units, 
especially along the edges where soil backfill may not be completely compacted. Subsidence 
monitoring ensures that subsidence features are repaired to maintain the integrity of the closure 
cover. No significant subsidence was observed at the Area 5 RWMS. 

Details of the RWMS subsidence monitoring activities can be found in an annual monitoring 
report (NSTec, 2008b). The effectiveness of subsidence monitoring will be periodically 
evaluated. 

3.3.1.8 Air Monitoring 

The regulatory drivers for the air monitoring network include 40 CFR 61, Subpart H;  DOE 
O 450.1; DOE O 5400.5; and Guidance Document DOE/EH-0173T (DOE, 1991). Details of the 
DQO, sampling strategy, field operations, analytical design, analytes, and methods, and quality 
control checks are described in Appendix A of the RREMP (BN, 2003). Air particulate samples 
are collected using continuously operated low-volume air samplers and are analyzed for gross 
alpha/beta radioactivity, gamma emitters, americium, and plutonium concentrations in air. 
Atmospheric moisture is collected and analyzed for tritium. Tritium is a volatile radionuclide and 
is therefore a conservative indicator of waste-disposal unit performance. 

Air particulate samples are collected at air sampling stations at two locations at the Area 5 
RWMS. Tritium in atmospheric moisture is collected at the Area 5 RWMS at two locations.  
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Siting of the air samplers was based on the RREMP DQO process. Important siting decision 
factors included wind patterns and historic analytical data. In Area 5, wind direction is generally 
northerly or southerly. Therefore, air sampling stations are sited at locations north and south of 
of the RWMS. 

Annual air monitoring data are reported in the Nevada Test Site Environmental Report (NTSER) 
(NSTec, 2008d), the National Emissions Standards for Hazardous Air Pollutants (NESHAP) 
report (NSTec, 2008e), and the Annual Waste Management Monitoring Report (NSTec, 2008b).  

Details of the RWMS air monitoring activities are in Appendix A of the RREMP (BN, 2003); 
NSTec OI-2154.102, “Preparing and Sampling Routine Radiological Environmental Monitoring 
Plan for Airborne Particulates”; and OI-2154.103, “Tritiated Water Vapor Sampling.” 

3.3.1.9 Soil Temperature Monitoring 

Four RTGs were disposed in P05U in 2006 in an approximately square configuration. To 
monitor the heat field generated from these waste packages, vertical and horizontal arrays of 
temperature sensors were installed adjacent to the largest curie inventory RTG package. 
Starting at the RTG package, sensors were placed every 0.3 m (1 ft) to a distance of 4 m (13 ft) 
from the package in each array. Hourly average temperature measurements are collected. 
Temperature data collected will be used to calibrate a heat flow model and optimize spacing 
between future RTG disposals and other low-level waste with volatile radionuclides. 

3.3.1.10 Data Management 

Auditable and defensible data management practices are used throughout the environmental 
monitoring planning and execution processes from developing the DQOs bases for the 
monitoring designs to reporting and archiving. The systems used vary depending on the type of 
data being managed and the management needs for the data. 

The primary data management mechanisms supporting radiological environmental monitoring 
are the following: 

• RREMP (BN, 2003) – Documents application of a modified version of the EPA’s DQO 
process (EPA, 1994).  

• Procedures and Instructions – These categories of documents implement the RREMP, and 
provide execution direction to employees to ensure clear and consistent work execution. 

• Field Operations documentation – Data generated during field activities are entered by 
personnel in the field in logbooks, notebooks, hardcopy forms, and/or electronic forms 
loaded on a laptop or tablet PC. Field data may subsequently be entered or transferred to 
an electronic data management system. 

• Measurement data – These data cover a variety of types: 
o Vadose and meteorological data are downloaded remotely via cellular communications. 
o Environmental thermoluminescent dosimeters (ETLDs) are processed by the NSTec 

Radiological Control Department and the data provided in electronic form. 
o Analytical Laboratory data are produced from analyses of samples collected under the 

RREMP, and are provided in hardcopy and electronic format. 
o All data are processed through quality reviews determined necessary to ensure the 

validity of the data for their intended use. 
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• All RWMS monitoring data are managed in an electronic data management system. An 
Environmental Integrated Data Management System is currently used to manage ETLDs 
and laboratory generated data. An Oracle™-based relational database management system 
used for the comprehensive management and processing of environmental data, the 
Environmental Integrated Data Management System, ensures consistency and promotes 
advanced planning, while providing a central repository for all unclassified environmental 
data. 

• Monitoring Reports – Data are presented in reports as required by CFRs, DOE orders and 
directives, or as otherwise determined necessary. 

• Archiving – All data are archived as required, and in a manner (hardcopy and/or electronic) 
that allows for retrieval. 

3.3.1.11 Data Evaluation and Data Reporting 

Evaluation of all monitoring data is conducted routinely (minimum once per year), and 
conclusions of those evaluations are incorporated into one or all of the applicable annual data 
reports including the NTSER (NSTec, 2008d); the NESHAP report (NSTec, 2008e); and the 
Annual Waste Management Monitoring Report (NSTec, 2008b). Examples of review 
performance documents include:  

• OI-2154.117, “Verification, Validation, and Data Review of Environmental Monitoring 
Program Data Stored in the NSTec Environmental Integrated Data Management System 
Database” 

• OI-2154.457, “Radioanalytical Data Verification and Validation” 

• OI-2154.458, “Organic Data Verification and Validation” 

• OI-2154.459, “Inorganic Data Verification and Validation” 
  
The NSTec performance documents describing preparation of the NESHAP report and NTSER 
(also referred to as Annual Site Environmental Report) include: 

• OI-2154.105, “Development of the Annual National Emission Standards for Hazardous Air 
Pollutants (NESHAPS) Report for the NTS and Offsite Dose Assessment” 

• Company Directive CD-B500.001, “Preparation of the Annual Site Environmental Report” 

3.3.1.12 Organizational Instructions 

The OIs required for routine monitoring include: 

• OI-2154.102, “Preparing and Sampling Routine Radiological Environmental Monitoring Plan 
for Airborne Particulates” 

• OI-2154.103, “Tritiated Water Vapor Sampling” 

• OI-2154.106, “Neutron Moisture Logging” 

• OI-2154.107, “Radon Monitoring Using the E-PERM System” 

• OI-2154.108, “Instructions for Area 5 RWMS Groundwater Well Preparation and 
Groundwater Sampling” 

• OI-2154.109, “Radiation Monitoring Using Thermoluminescent Dosimeters” 
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• OI-2154.110, “Biota Sampling and Sample Preparation for Animals and Vegetation” 

• OI-2154.111, “Instructions for Datalogger Monitoring Stations” 

3.3.1.13 Quality Assurance 

The RREMP is designed to ensure satisfying the quality assurance requirements of 10 CFR 
830, Subpart A, and DOE O 414.1C. 
 
The RREMP QAASP specifies the sampling, analytical, quality assurance, and quality control 
procedures for obtaining technically defensible data of acceptable quality to satisfy the project 
objectives. The QAASP includes guidance for data verification, validation, and quality 
assessment. Detailed QAASPs for air, water, biota, and direct radiation media can be found in 
Appendices A through D of the RREMP (BN, 2003).  

3.3.2 Post-Closure Monitoring 

Post-closure monitoring will be performed at the Area 5 RWMS during the 100-year institutional 
control period. The current monitoring activities that are regulatory driven in agreement with the 
State of Nevada will likely continue past the 2028 closure date of the Area 5 RWMS, such as 
the groundwater monitoring. NNSA/NSO will identify the elements of the final post-closure 
monitoring plan for the Area 5 RWMS, consistent with the following criteria in 40 CFR 194.42: 

• Address significant disposal system parameters.  
• Address important disposal system concerns.  
• Obtain meaningful data in a short period of time. 
• Preserve disposal system integrity.  
• Be consistent and complementary with other monitoring programs.  

 
Significant and important system parameters are identified through the sensitivity analyses of 
the performance assessments of the Area 5 RWMS. First, a summary description of the 
hydrologic conceptual model of the Area 5 RWMS is presented. This conceptual model is 
implemented in the probabilistic PAs of the Area 5 RWMS (LLW PA under DOE O 435.1 and 
the GCD TRU PA under 40 CFR 191). Second, sensitivity analyses performed for each PA are 
summarized. A preliminary monitoring plan is developed, considering the results of the SA. In 
the final post-closure monitoring plan, the monitoring data collected at the Area 5 RWMS 
through 2028 will also be evaluated to aid the determination of the monitoring elements and 
frequencies and durations.  

3.3.2.1 Elements of the Post-Closure Monitoring 

The SAs of the LLW PA and the GCD PA indicate that the radon emanation factor for waste in 
shallow land burial, the parameters for small mammal burrowing, technetium plant/soil 
concentration ratio for the garden scenario are the significant parameters for the Area 5 RWMS 
performance under DOE O 435.1, and the number of boreholes, and upward advection are the 
most significant parameters for the performance of the GCD TRU boreholes. Long-term 
disposal system concern includes subsidence of the cover with the consequent enhancement of 
moisture in the subsided cover and of plant and animal activity. There is small risk that 
enhanced moisture, plant, and animal activity may result in increased releases from the Area 5 
RWMS disposal cells that are not accounted for in the ranges of parameter values used in the 
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PAs for these parameters. The only significant factor for release of TRU waste from the GCD 
boreholes, which is also a disposal system concern, is the drilling rate. 

Monitoring for cover subsidence and cover maintenance, biota monitoring, and vadose zone 
monitoring may be included in the post-closure monitoring at the Area 5 RWMS. Groundwater 
monitoring at the Pilot wells for RCRA compliance for Pit P03U MLLW unit may continue past 
the closure date of 2028 for the Area 5 RWMS. No additional monitoring for the GCD TRU 
boreholes is warranted. However, NNSA/NSO may decide to further evaluate the drilling rates 
before the facility closes. 

In summary, monitoring activities during the post-closure period are expected to be reduced and 
limited to:  

• Vadose zone monitoring of at the lysimeter facility 
• Biota monitoring  
• Subsidence monitoring 

The decision to continue or terminate any monitoring activities during the post-closure period 
will be based on PA modeling, assessment of monitoring results against conceptual models, 
uncertainty and sensitivity analysis as well as the evaluation of the past monitoring records for 
future trends in the data.  

3.3.2.2 Data Management 

A database similar to the Environmental Integrated Data Management System is expected to be 
used for the comprehensive management and processing of environmental data during the 
post-closure period. Details of such a data management system will be presented in the final 
closure plan. 

3.3.2.3 Data Evaluation and Data Reporting 

Frequency of data evaluation and reporting for the post-closure care period will depend upon 
the monitoring program to be implemented in the final closure plan. 

3.3.2.4 Organization Instructions 

The organization instructions required for routine monitoring during the post-closure period will 
be similar to the ones presented previously, and will be presented in the final closure plan. 

3.3.2.5 Quality Assurance 

The currently applicable QAASPs will remain in effect during the post-closure care period. 
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4.0 CLOSURE SCHEDULE 

As operations continue at the Area 5 RWMS, this closure plan will be updated to reflect the 
most current operational features that must be considered during closure. The schedule for final 
closure of the facility will be developed in 2028.  

A schedule for post-closure monitoring and maintenance activities will also be developed as part 
of the final closure plan.  

Activities associated with the final closure of the 92-Acre Area are scheduled to be completed in 
FY 2011. Activities associated with final closure of the Area 5 Expansion Area north of the 92-
Acre Area are scheduled to start in FY 2028 and be completed in FY 2029. The major activities 
scheduled for the closure of the 92-Acre Area are the following: 

• 92-Acre Area DQO document submittal and approval by the NDEP by the end of 2008  
• Draft 92-Acre Area CADD/CAP document submittal to NDEP by the end of 2008  
• Development of the final CADD/CAP and approval by NDEP in March 2009  
• Completion of the final closure cover design, issued for construction in February 2009 
• Construction of the closure cover starting in February 2011 
• Completion of the closure report (certification of closure) in July 2011 

 
Near-term actions that will support the closure of the 92-Acre Area include:  

• Optimizations of the final closure cover thickness to be incorporated into the final closure 
cover design  

• Acceptance by the TRFG of the measures implemented in this plan to meet the GCD 
assurance requirements under 40 CFR 191  

• Placements of soil to improve performance of interim soil covers and ensure appropriate 
site drainage 

• Filling the neutron probes and the GCD boreholes  

• Removing the GCD trailer 

Major activities that would be undertaken prior to the closure of the Area 5 RWMS in FY 2028 
and those immediately after the final cover construction over the expansion area disposal cells 
include the following: 

• Preparation and approval of the final PA document by LFRG 
• Preparation and approval of the final CA document by LFRG 
• Preparation of the final closure and post-closure care plan 
• Design and implementation of the assurance requirements for the GCD boreholes 
• Final design of the closure cover over the disposal cells in the Expansion Area 
• Construction of the closure cover over the disposal cells in the Expansion Area 
• Initiation of the post-closure monitoring 
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1.0   INTRODUCTION 

The Radioactive Waste Management Site (RWMS) in Area 5 on the Nevada Test Site (NTS) is used for 
the disposal of low-level radioactive waste and abestiform waste. A large section, approximately 92 acres, 
of the Area 5 RWMS has been operationally closed, and a closure cover will be placed over it in the near 
future. Besides no longer accepting waste material, closing an area includes covering the disposal area 
with approximately 2.4 meters (m) (8 feet [ft]) of soil. The cover extends beyond the boundaries of the 
disposal units and is contoured to allow drainage off of the unit while minimizing erosion. The closure 
cover designed for the Area 5 RWMS is a vegetated monolayer, which has been approved by the Nevada 
Division of Environmental Protection at other NTS sites and uses an evapotranspirative technique to meet 
cover performance objectives. 

Objectives for the final closure cover are to minimize the migration of water off and through the cover, 
create a cover that requires minimal maintenance, maintain the integrity of the cover over time, and meet 
U.S. Department of Energy (DOE) performance objectives (DOE M 435.1-1, Chapter IV, P[1]). The 
establishment of a native plant community will minimize wind and water erosion and thus help maintain 
the integrity of the closure cover. The loss of water through transpiration will be maximized and the 
potential for water to penetrate the buried waste materials is minimized with the reestablishment of a 
native plant community. The native vegetative cover prevents the establishment of invasive plant species 
(National Security Technologies, LLC [NSTec], 2007; Anderson and Ostler, 2002). Invasive plants, 
which are typically annual plants, do not create a cover that will meet the closure cover objectives. 
Annual plants do not maximize evapotranspiration nor are they as effective in controlling wind and water 
erosion, which could compromise the integrity of the cover. 

The objective of this revegetation plan is to provide guidelines that, if followed, will enhance the potential 
for successfully reestablishing a native plant community on the Area 5 RWMS closure cover. 
Revegetation is the colonization of a disturbance by plants through natural plant succession or by human-
induced means. Natural plant succession may require centuries for complete plant colonization, especially 
in the Mojave Desert (Vasek et al., 1975a; 1975b; 1980; Romney et al., 1980; Wallace et al., 1980; Webb 
and Wilshire, 1980; Carpenter et al., 1986; Angerer et al., 1995). However, when human-induced means 
are used, the time for reestablishment of a viable plant community may be shortened. Various 
revegetation efforts in arid and semiarid regions of the Southwest have shown that establishing a plant 
community by re-seeding (human-induced) is practical and cost-effective when proper revegetation 
techniques are employed (Graves et al., 1978; Kay, 1979; Clary, 1983; Anderson, 1987; EG&G/Energy 
Measurements [EM], 1993; 1994; TRW, 1999; Bainbridge et al., 1995; Anderson and Ostler, 2002; Ostler 
et al., 2002a).  

The revegetation of the cover and associated disturbed areas at Area 5 RWMS presents unique challenges. 
The site is located in the harsh Mojave/Great Basin Transition Desert, which is characterized by extreme 
temperatures and limited, erratic precipitation. Perennial plant establishment under natural conditions 
usually occurs only during favorable rainfall years (Wallace and Romney, 1972; Beatley, 1975; Romney 
et al., 1980; Anderson and Ostler, 2002), which occur approximately one out of five years (Ries and Day, 
1978). This low and unpredictable precipitation is almost without exception the factor limiting successful 
revegetation in the arid/semi-arid West (May, 1975).  
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The revegetation strategy outline in this plan employs proven reclamation techniques. The first (and 
critical task) is site preparation, followed by seeding with native adapted species, mulching to conserve 
soil moisture, supplemental irrigation to ensure seed germination and plant establishment, fencing to 
minimize herbivory, and monitoring to evaluate revegetation success and identify any remedial actions 
necessary to ensure the maintenance of a viable vegetative cover (Ostler et al., 2002a; Winkel et al., 
1999). Paramount to the success of this strategy is timing. There is a period in late fall and sometimes in 
early spring that affords the greatest potential for successful seed germination and eventual plant 
establishment. The late fall seeding window extends from October 15 to December 15, and the spring 
window can be as early as February extending into early March. Implementation of these site-specific 
revegetation techniques creates the optimum conditions for seed germination and plant establishment 
(Ostler et al., 2002a; Anderson and Ostler, 2002).  

2.0  PROCEDURES 

2.1 Site Preparation 

The proposed cover for Area 5 RWMS encompasses approximately 41.8 hectares [ha] (92.0 acres [ac]). 
The top layer of soil on the cover should have physical and chemical characteristics that will support plant 
growth (Table 1). Based on the physical and chemical properties of the upper 30 centimeters (cm) 
(12 inches [in.]) of soil used for the cover, appropriate amendments will be identified that will enhance 
germination and establishment of seeded species. Types of soil amendments could include (1) macro- or 
micronutrient additions (e.g., fertilizers), (2) organic matter additions, (3) water-holding copolymers, and 
(4) remedies for sodic soils such as gypsum.  

Table 1. Soil parameters as they relate to topsoil suitability for use in revegetation (adapted from USDA, 
1979).  

 Suitability 

Soil Parameter Good Fair 

Soil Texture Fine sandy loam, very fine sandy 
loam, loam, silt loam, sandy loam 

Clay loam, sandy clay loam, silty 
clay loam 

Soil Salinity (EC; mmhos/cm) <3 3 to 6 

Alkalinity (Exchangeable Sodium 
Percentage 

<4 4 to 8 

Soil pH 6.1 to 7.8 5.1 to 6.1 
7.8 to 8.4 

Organic Matter (%) >1.5 0.5 to 1.5 

 
Parameters are listed in order of relative importance. 
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A key component of site preparation is the alleviation of soil compaction. Typically sites that have been 
closed are subject to increased vehicular traffic, which results in compacted soils, a condition that is not 
conducive to plant growth. A sequence of ripping, disking, and harrowing is used to alleviate soil 
compaction, which increases water infiltration and provides a firm seedbed for good soil-to-seed contact 
(Munshower, 1994; Ostler et al., 2002a). Compacted soils are first ripped perpendicular to the slope at a 
depth of 30–46 cm (12–18 in.). Ripping typically creates large clods of soil and a tractor-drawn tandem 
disk is needed to break up the soil clods. After disking, the site is harrowed to create a firm seedbed. 
Disking and harrowing, like ripping, are done with the contour of the area so as not to create channeling 
or drainage off of the cover.  

The cover will be designed and constructed to allow access for revegetation equipment such as farm 
tractors, road graders, four wheel drive trucks, strawblowers, and tractor-drawn implements such as a drill 
seeder, disks, or chisel-tooth harrow or crimper. 

2.2 Seeding  

Plant species recommended for use during revegetation are all native to the area (Table 2). They were 
selected based on data collected (EG&G/EM, 1992) from adjacent undisturbed areas, visual surveys of 
the vegetation in the region, and a review of local literature (Beatley, 1976; Ostler et al., 2000). Most of 
the species have been successfully used in other revegetation projects in the area (NSTec, 2007), and most 
seed is available from commercial sources. The percentage of each species used in the mix is based on the 
relative contribution of that particular species to the total perennial plant cover that is typical of adjacent 
native plant communities, the size of the seed, and performance of the species at the NTS. The final seed 
mix will depend on seed availability but will only include those species listed in Table 2. Some seed may 
have to be treated in order to break seed dormancy (Ostler et al., 2002b; Hansen, 1989). This may include 
washing, chemical treatments, or mechanical treatments. 

The area to be revegetated will be broadcast-seeded at a rate of 24.1 pure live seed (PLS) kilograms per 
hectare (kg/ha) (21.4 PLS pounds per acre [lb/ac]). Seeding will be done with a tractor-drawn seed drill 
having seedboxes that accommodate small, fluffy, and large seeds. Drag chains will be used behind the 
seed drill to cover the seed. 

2.3 Mulching 

The site will be mulched with grain straw at a rate of 4,484 kg/ha (4,000 lb/ac). The mulch will be applied 
evenly over the soil surface with a strawblower. The mulch will then be crimped into the soil surface with 
a tractor-drawn disk crimper, which aids in securing the straw. Crimping also incorporates a portion of the 
straw into the soil that, over time, can improve the amount of organic matter in the soil. The direction of 
crimping is to be perpendicular to the slope, just like ripping, disking, harrowing, and seeding. 
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Table 2. Recommended seed mix and seeding rates for revegetation of disturbed areas at Area 5 RWMS. 

Scientific Name Common Name PLS* kg/ha PLS* lb/ac 

Shrubs    

 Ambrosia dumosa White bursage 2.24 2.00 

 Atriplex polycarpa** Desert Saltbush 0.06 0.05 

 Atriplex confertifolia Shadscale  1.12 1.00 

 Atriplex canescens** Fourwing saltbush 1.20 1.00 

 Encelia farionosa Brittlebush 0.56 0.50 

 T-Ephedra nevadensis Nevada Ephedra 3.36 3.00 

 Ericameria nauseosa Rubber Rabbitbrush 0.34 0.30 

 Eriognum fasciculatum Buckwheat 1.12 1.00 

 Grayia spinosa Spiny Hopsage 0.56 0.50 

 Hymenoclea salsola Burrobush  0.11 0.10 

 Krascheninnikovia lanata Winterfat  5.61 5.00 

 T-Larrea tridentata** Creosote 2.24 2.00 

 T-Lycium andersonii Desert Thorn 0.22 0.20 

Grasses    

 Achnatherum hymenoides Indian Ricegrass 3.36 3.00 

 Elymus elymoides Squirreltail 1.12 1.00 

Forbs    

 Baileya multiradiata Marigold 0.28 0.25 

 Sphaeralcea ambigua Globe Mallow 0.28 0.25 

 Penstemon palmeri Palmer's penstemon 0.28 0.25 

   Totals 24.07 21.40 
  * Pure Live Seed or Number of seeds per acres divided by percent germination 
 ** Deep-rooted plants 
 T Species should be considered for transplanting 

 2.4  Irrigation 

The use of irrigation is a critical component to ameliorate the harsh growing conditions resulting from 
sporadic and unpredictable precipitation. It is used to ensure there is sufficient moisture for seed 
germination and growth the first year. Plants typically can survive harsh desert conditions if roots have 
penetrated deeper water sources, which can occur the first year of growth. 

The Area 5 RWMS site receives approximately 17 cm (6.69 in.) of precipitation annually, which is well 
below the 25-cm (9.84-in.) level suggested for successful reclamation (National Academy of Science, 
1974). Due to the risks associated with establishing plants by re-seeding, an initial period of supplemental 
irrigation provides sufficient moisture for seed germination and plant establishment (Hall and Anderson, 
1999; Winkel and Boone, 1999). If seeding occurs and insufficient natural precipitation is not received for 
several years after seeding, much of the seed will be lost to predation or poor viability (Plummer et al., 
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1968; Ostler et al., 2002a). Under these circumstances the site would probably have to be reseeded to 
achieve any revegetation success. 

Prior to irrigating the site, the water source will be tested to determine the quality of the water. Four basic 
criteria (Ludwig et al., 1976) will be used to evaluate water quality: 

1. Total soluble salt content (salinity hazard) 

2. Relative proportion of sodium cations to other cations (sodium hazard) 

3. Bicarbonate anion concentration as related to calcium plus magnesium cations  

4. Concentration of elements that may be toxic 

The irrigation system will be a solid set sprinkler-type system designed to produce an even distribution of 
water across the entire cover. Sprinkler heads are selected to apply water at the optimal rate, spray pattern, 
and droplet size, and at the same time minimize runoff and wind drift.  

Supplemental irrigation occurs at three physiologically important phases: prior to germination, during 
germination, and after germination (Ries and Day, 1978, Aldon et al., 1976, Danielson, 1967). Irrigation 
prior to germination (late fall, early winter) mimics precipitation events that would recharge the soil 
profile and encourage deep rooting once germination occurs.  Irrigation during late winter, early spring is 
designed to keep the surface soils moist, which promotes seed germination and seedling emergence. 
Irrigation during the late spring and early summer aids plant establishment and survival over the typically 
hot and dry summers. The frequency of application will be based on the amount of rainfall received to 
date and other climatic conditions at the time of implementation. 

2.5 Fencing 

The revegetated site will be fenced to reduce the effects of herbivory on plant establishment. Fencing may 
include a four-strand barbed wire fence to exclude horses and antelope, and a 1.2 meter (4 foot) high wire 
netting to exclude rabbits. Fencing has been shown to be important for plant establishment at revegetation 
sites on the NTS, the Tonopah Test Range, and the Central Nevada Test Area (NSTec, 2007). 

2.6 Schedule 

Seeding is most effective if conducted from late October to early December. The preferable period for 
seeding is mid to late November. Seeding at this time ensures that dormancy-breaking requirements for 
germination of most seeded species are met and seeds are in the ground prior to winter precipitation. Site 
preparation, delivery of seed and straw, and mobilization of reclamation equipment will take place prior 
to the seeding window. Soil amendments would be incorporated into the soil either during site preparation 
or during the seeding process. Mulching and crimping will occur immediately after seeding. The 
irrigation system will be installed after revegetation is completed. Irrigation will begin shortly thereafter 
and continue into late June or as may be required. 

2.7 Special Considerations 

2.7.1 Interim Soil Stabilization 

In the event that cover construction is completed after the seeding window, revegetation may have to be 
rescheduled for the following fall or spring. In this situation a temporary means of soil stabilization may 
be required to minimize soil and water erosion. Interim soil stabilization may include applying a surface 
soil stabilizer. Soil stabilizers typically have an effective life of 6 to 12 months depending on application 
rates and weather conditions. The site would be monitored following application of the copolymer to 
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check the integrity of the soil stabilization. If the copolymer is not adequately controlling erosion from the 
cover, reapplication of the copolymer may be necessary. 

A chemical soil stabilizer may be the most cost-effective. However, if a more permanent stabilization of 
the surface soils is required, the application of a straw mulch followed by crimping may be appropriate. 
Surface soils are disked and ripped. A layer of straw mulch is then applied and the straw is crimped into 
the loosened soils. 

2.7.2 Transplants 

Many native plant species are difficult to establish using the direct seeding method. Two such species 
included in the seed mix (Table 2) are Larrea and Lycium. The best method for establishing these species 
would be to use transplants. The use of transplants requires more time. Seed from both species is 
collected from native populations of the species on or near the revegetation area. The seed is then used to 
grow plants under greenhouse conditions for approximately one year. After a hardening period, they are 
placed in the field, typically some time after seeding. Each transplant will be watered as it is placed in the 
ground to ensure sufficient soil moisture for survival. Subsequent watering may occur using the irrigation 
system. 

2.7.3 Remediation 

In the unlikely event that plants do not become established on the cover, remedial action may be taken. 
Such action may involve additional site preparation, re-seeding, mulching, or use of transplants. 

3.0  REVEGETATION MONITORING 

Monitoring should occur the first 2–3 years to evaluate the success of revegetation and identify areas of 
concern such as increased soil erosion, poor seed germination, or plant establishment. Soil erosion is 
evaluated using a modified soil-erosion rating and classification system used by the Bureau of Land 
Management (Table 3). Monitoring during these first few years focuses on erosion conditions and plant 
densities. The success of seed germination and plant establishment is estimated annually the first 2–3 
years by determining the density of plants that were seeded and those that were not seeded but have 
naturally invaded the site. 

Long term establishment of plants is monitoring in subsequent years, typically in year five and every five 
years thereafter, or as may be requested or required by agreement. Plant density, plant cover, and other 
vegetative parameters are measured during the sampling events and provide a quantitative assessment of 
the success of revegetation. An undisturbed area, typical in a vegetation type similar to the one of the 
revegetation site, is also sampled and serves as a reference for the revegetation sites.  
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